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CONVERGENCE ACCOMMODATION* 


Mervyn H. Balsam? and Glenn A. Fryt 
School of Optometry, The Ohio State University 
Columbus, Ohio 


INTRODUCTION 

Donders introduced the graphical method of analysis of the rela- 
tionship between accommodation and convergence almost one hundred 
years ago. Since then many men have investigated this phenomenon. 
These investigations have led to the adaptation of the method for analysis 
of clinical data.! 

There is usually a linear relationship between accommodation and 
accommodative convergence at submaximal levels of accommodation. In 
the graphical analysis this relationship is given by the phoria line. 

It is generally found that the phoria line, the limit of positive rela- 
tive convergence (or base-out line) and the limit of negative relative 
convergence (or base-in line) are all parallel. If we give a person a series 
of stimuli to convergence without stimulating accommodation, and then 
measure his accommodation for each level of convergence, would the 
resultant convergence accommodation curve coincide with the phoria line? 

It is the purpose of this paper to show the relationship of the con- 
vergence accommodation curve to the phoria line. 

APPARATUS 

The instrument used in this experiment was a haploscope. It 
stimulates and measures accommodation and convergence. Attached to 
the left arm of the haploscope was a coincidence optometer, which was 
used to measure accommodation. The optometer is the same as that used 
by Fry? in a previous investigation. A schematic diagram of the ap- 
paratus appears in Figure |. Two aperture sizes were used at A; and 
Ax in this experiment, a pinhole aperture used in conjunction with meas- 
uring convergence accommodation, and a larger aperture used in con- 
junction with the measurement of the phoria line and relative conver- 


*Read before the annual meeting of the American Academy of Optometry, Boston, 
Massachusetts, December 13, 1958. For publication in the November, 1959, issue of 
the AMERICAN JOURNAL OF OPTOMETRY AND ARCHIVES OF AMERICAN ACADEMY 
OF OPTOMEFTRY. 

This article is based upon a paper which won for the senior author (Balsam) one of 
the Bing Memorial Awards offered to senior students in the School of Optometry. 
The junior author served as advisor. 
FOptometrist. 
tOptometrist. Ph.D., Director of School. Fellow, American Academy of Optometry. 
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Fig. 1 Diagram of the haploscope 


gence. Three different types of targets were used at T;, and IT, and 
their purposes will be explained in the procedure. 

The two arms of the haploscope moved together at the same speed 
around vertical axes through the centers of rotation of the right and the 
left eye. The center of rotation of each eye was assumed to lie on the 
primary line of sight 13 mm. behind the corneal vertex. ‘The instru- 
ment was so designed as to permit the subject or the experimenter to 
adjust the convergence. 

The apertures, A;, and Ax. were imaged at the entrance pupils of 
the eyes, and targets T;, and I, were imaged at the retinas. The stimulus 
to accommodation was altered by turning a handle which simultaneously 
changed the distances of T;, and Ty. The accommodative response was 
measured for the left eye with the coincidence optometer, which was 
adjusted by the subject. To reduce chromatic aberration, green filters 
were used with each target. The axis of the coincidence optometer coin- 
cides with the axis M,;, N; and may be moved in a fore and aft directioa 
to locate the conjugate focus of the retina. It is calibrated in terms of 
diopters. The mirror, N,, is a plate of red glass which transmits red 
light from the optometer and reflects at its front surface green light 
from 

To adjust for the interpupillary distance, the separation of the 
centers of rotation of the two arms was altered by moving the center of 
rotation of the right arm of the haploscope in or out. Any vertical phoria 
was compensated by rotating the unit consisting of Cy. Mp and 
Dp, about the axis (Mp S), which effectively raised or lowered the 
right image. 

The design of the instrument permitted the results to be recorded 
automatically on pre-calibrated graph paper. 

PROCEDURE 

1. Positioning the Subject: It was important to position the 

subject so that the face plane was vertical and so that each arm of the 
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haploscope fell at the center of rotation of the homolateral eye. An 
adjustable biting board and forehead rest were provided for this purpose. 

The first siep towards this goal was to set the convergence so that 
the axes of the eyepiece lenses were parallel. Then the distance between 
the centers of rotation of the two arms was adjusted to the interpupillary 
distance of the subject. 

To determine if the centers of rotation were centered on the axis 
of the eyepiece lenses, special targets were placed at T;, and Tx. Each of 
these targets consisted of a circular transparent piece of plastic with a 
1 mm. hole drilled through its center. Large aperatures were placed at 
A; and Ax. A pinhole aperature was then placed on the optic axis of 
each arm of the system next to C. Figure 2 illustrates what the subject 


Edge of aperture 
at C 


Edge of 
aperture 
atT 


Fig. 2. Subject’s view of the target and aperture used on each side of the haploscope 
to get the eye centered on the optic axis. 

saw. His head was adjusted up or down and right or left and tipped 
to the right or left shoulder until the drilled hole was seen at the center 
of the pinhole for each eye. 

Subsequent adjustments were made so as to put the pole of the 
cornea 3 mm. in front of the focal plane of the eyepiece consisting of 
Cand D. This put the entrance pupil of the eye at the focal plane. 

The fore and aft position of the head was checked by using sighting 
devices to see if the cornea of each eye was at the desired distance from 
the eyepiece. This also automatically positioned the center of rotation 
of the arm of the haploscope at the center of rotation of the homolateral 
eye. 

2. Measurement of Relative Convergence: For this part of the 
experiment, it was necessary to control the level of accommodation as 
rigidly as possible. To accomplish this, the targets used at T;, and T, 
were reduced Snellen charts. Large aperatures were placed at A;, and 
Ar. The subject was instructed to look at the smallest readable line. 
The stimulus to accommodation was set at different dioptric levels. 
For each level, the arms were moved to the maximum divergent position 
where fusion of the targets was still maintained and thence the con- 
vergence was increased. The subject was given instructions to attempt 
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to maintain clear and single vision. The convergence was increased a 
small amount and the subject adjusted the optometer to indicate the 
accommodative response. The procedure has previously been described.* 
The amount of accommodation and convergence in play was recorded. 
This procedure was repeated until the positive limit of fusion was reached 
or until the limit of the optometer was reached. The results when 
plotted gave curves which are referred to as relative convergence curves. 
The envelope of these curves gives the limits of positive and negative 
fusional convergence and the zero and maximum levels of accommoda- 
tion. (See Figs. 5A, 6A, and 7A). 

3. Measurement of Phoria: Here it was necessary to control the 
accommodative level, but have dissimilar targets so that there would be 
no stimulus to fusion. The target for the left eye was a Snellen chart. 
The target for the right eye was a pair of circular holes in vertical align- 
ment. When seen binocularly, one hole appeared above the Snellen chart 
and the other appeared below it. Various levels of stimulus to accom- 
modation were presented. For each, the subject was required to adjust 
the convergence so that the holes appeared at the midline of the Snellen 
chart, or, to compensate for any cyclotorsion due to convergence, to 
make the holes appear on opposite sides of the midline. At the same 
time, the subject indicated his accommodative response by adjustment of 
the optometer. (Figure 3.) 


Fig. 3. Subject’s view of the targets used for measuring the phorias. The reduced 
Snellen chart is seen by the left eye and the dots by the right. The exit slit of the 


optometer is seen by the left eye superimposed on the Snellen chart. The circular field 
which contains the chart and the two dots subtends a visual angle of 4.72° 


4. Measurement of Convergence Accommodation: For this 
experiment, accommodative clues had to be eliminated. Therefore, pin- 
hole apertures were used at points A; and Ax, and the targets were small 
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Fig. 4. Subject’s view of the targets used to measure convergence accommodation. The 
large disk is seen with both eyes and the small disks with the right eye only. The exit 
ogy the optometer is seen superimposed on the large disk and is seen by the left eye 
circular apertures. (Figure 4.) The exit slit of the coincidence optometer 
is seen at the center of target for the left eye. One can compare this with 
the two dots seen by the right eye to determine if the eyes are converg- 
ing the proper amount. The subject was required to keep the two images 
fused for different levels of stimuli to convergence. At each point of 
convergence, the accommodative stimulus was adjusted to approximately 
the level of the accommodative response. This adjustment of the accom- 
modative stimulus was not important since the targets were viewed 
through pinhole pupils. In effect there was no stimulus to accommoda- 
tion. For each level of convergence, the subject indicated his accommo- 
dative response by adjustment of the optometer. At the higher levels 
of convergence it was necessary for each subject to make a voluntary 
effort to maintain fusion. 

RESULTS 

Three subjects were chosen for this experiment. There are two 
graphs for each subject. The first graph shows the relative convergence 
curves for different diopters of stimulus to accommodation. Each curve 
on the graph is marked to show the stimulus. 

The second graph illustrates the phoria measurements with the 
diopters of stimulus to accommodation indicated for each point. This 
curve is represented by the dotted line. The convergence accommodation 
curve is represented by the solid line. This graph also includes dashed 
lines based on the first graph which indicate the limits of fusional con- 
vergence. 

Since the stimulus to accommodation makes use of green light and 
the optometer makes use of red light, there must be at least 0.50 D. lag 
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of the measured amount of accommodation in play behind the stimulus 
to accommodation as a result of the chromatic aberration of the eye. This 
is not important because we are measuring changes in accommodation 
rather than absolute amounts. 


a 
a 
° 
Convergence 
Accommodation 
3 RELATIVE B 
CONVERGENCE 

CURVES 

10 20 30 20 30 10 20 30 40 50 


CONVERGENCE (DEGREES) 
Fig. 5. Data for M. B 


The results of subject M. B., age 24, are shown in Figure 5. The 
failure of the spikes of the relative convergence curves obtained with 
the 6.00 and 7.00 D. stimuli to be superimposed can be attributed to a 
variation in the response of the lens. It can also be seen that the spike 
of the convergence accommodation curve does not exactly coincide with 
the spikes of the relative convergence curves. Again, this may be 
attributed to a variability in the response of the lens. 

Subject M. B. did not wear his lenses, 

O.D. —1.00 —1.75 x 110 

O.S. —0.25 —1.25 x 75, 
during the experiment and consequently his zero level of accommoda- 
tion did not fall at ——-0.50 D. on the accommodation scale where it 
should if he had worn his spectacles. 

The relative convergence curves for subject B. W., age 30, are 
shown in Figure 6A. The relative convergence curve for the 7.00 D. 
stimulus is somewhat anomalous and indicates that at the negative limit 
the subject failed to make as much effort to maintain a clear image as he 
might have made. The same thing occurs for the 3.00 D. stimulus. 

Both the phoria line and the convergence accommodation curve 
have a steeper slope than the limits of fusional convergence and the 
reason for this is not apparent. The important thing is that the slope 
of the phoria line is greater than that of the convergence accommo- 
dation curve. 

Subject B. W. like subject M. B. did not wear his correction 
lenses, 
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CONVERGENCE (OEGREES) 


Fig. 6. Data for B. W. 


ACCOMMODATION (DIOPTERS) 


O.D. plano 
O.S. —0.37 x 170, 
during the experiment. 

The graphs in Figure 7 are for subject G. F., age 50. This sub- 
ject has approximately 0.75 diopters of accommodation. 

This subject wore his correction, 

O.D. +0.37 = —1.75 x 104 
O.S. +0.75 = —1.87 x 80. 
CONCLUSIONS 

The convergence accommodation curve of none of the three sub- 
jects used in this study coincides with the phoria line. 

The tendency of the convergence accommodation curve to level 
off at the limit of divergence at a level which is somewhat above the 
zero level of accommodation is no doubt related to sky myopia in 
which a finite amount of accommodation comes into play when there 
is no stimulus to accommodation. 

This levelling off is not apparent in the data reported by Fincham* 
and this is likely due to the fact that his data do not extend to negative 
values of convergence. 
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Convergence 
Accommodation 


ACCOMMODATION (DIOPTERS) 


1 20 30 
CONVERGENCE (DEGREES) 


Fig. 8. Diagram illustrattng how the slope of the convergence accommodation curve 
can change as the amplitude of accommodation decreases with age while the slope of the 
phoria line remains unchanged 


The tendency of the convergence accommodation line to be dis- 
placed to the right of the phoria line at intermediate levels of accommoda- 
tion indicates that the demand for convergence is met primarily by 
fusional convergence but as the demand gets greater and greater this 
is supplemented by accommodative convergence which brings along 
with it the increase in accommodation. After we get out on the spike 
it is impossible to tell whether the convergence demand is met by 
fusional convergence or accommodative convergence, because there is 
no change in accommodation to indicate when accommodative conver- 
gence is being used. 

Fincham® has reported that the slope of the convergence accom. 
modation curve decreases with age. The present study also shows that 
slope of the curve is much less for the 50 year old subject than for 
the two younger subjects. 

It has been shown that the slope of the phoria line remains rela- 
tively constant at different age levels and if anything increases with 
age.’ If this is true, how is it possible for the slope of the conver- 
gence accommodation curve to decrease with age? Figure 8 illustrates 
how this can occur 
SUMMARY 

1. With the use of the haploscope, the graphs of relative con- 
vergence, phoria, and convergence accommodation were determined for 
three subjects. 

2. It was found that the curve for convergence accommodation 
does not coincide with the phoria line. Rather, with increased stimulus 
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to convergence, it finally merges with the line representing the positive 
limit of fusional convergence and passes out along the spike. 


3. The convergence accommodation curve is found to have a 


decreased slope as a person grows older. This finding is quite consistent 
with the proposition that the A.C.A. ratio remains constant at different 
age levels. Figure 8. 
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INTERRELATIONS OF VISUAL MEASURES* 


Francis A. Young? 
Department of Psychology, Washington State University 
Pullman, Washington 


This study, using the data obtained in the Pullman survey,'* '* 
determined the intercorrelations between a number of visual measures for 
subjects ranging from five to 18 years of age. The correlations were 
determined for the total number of subjects and were corrected for 
age by a partial correlation technique. The zero-order correlations were 
further analyzed into myopic and non-myopic subjects. 

While a number of studies,':*'*:'* made to validate various types 
of screening devices, have determined the correlations between clinical 
findings and results on the screening device, relatively few studies have 
dealt exclusively with the relations between clinical findings. Ma- 
nas®* *% has published a series of papers dealing with the 
relationship between the subjective refractive finding and various opto- 
metric tests which provide comparable but not identical data since the 
comparisons were made between the static refractive finding and other 
tests in the present study. Hirsch* found a correlation of +0.95 between 
the log of an ‘‘equivalent sphere’’ subjective-approximation finding 
and the log of visual acuity for 64 myopic eyes. Zachert'® presents the 
intercorrelations of visual acuity measures obtained on the orthorater 
in her factor analysis of orthorater tests. 

The data analyzed here were obtained in the Pullman study by 
three different testers but with the same person taking the same findings 
on all of the subjects. All measures of visual acuity were taken by one 
person. The static and dynamic refractive findings at 20 inches as well 
as the red-green and interpupillary distance were taken by the same 
optometrist. (About 5 per cent of these findings were taken by another 
optometrist.) The phorias and ductions at far and near were taken by 
the third person. The refractive findings were reduced to spherical 
equivalents for statistical computation. The breakdown between myopic 
and non-myopic subjects was based on the right-eye static finding with 
all subjects requiring the addition of a minus lens to neutralize the 
motion being classified as myopic and all others as non-myopic. The 


*Read before the annual meeting of the American Academy of Optometry. Boston, 
Massachusetts, December 15, 1958. For publication in the November, 1959, issue of 
the AMERICAN JOURNAL OF OPTOMETRY AND ARCHIVES OF AMERICAN ACADEMY 
OF OPTOMETRY 

+ Psychologist. Ph.D., Member of faculty. Fellow, American Academy of Optometry. 
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justification of this dichotomy and a more detailed description of pro- 
cedure are provided in the original papers presenting the Pullman 
study.'* 15 

Product moment correlations were determined between related 
and selected measures. Since some of the interrelations could be influenced 
differentially by age, the same measures were subjected to a partial cor- 
relation technique in order to control the influence of age. 


TABLE 1 


First order correlations between right-eye static retinoscopic findings and findings 
listed with age partialled out. Zero order correlations presented in parentheses. 


FINDING N FINDINGS N 
Far acuity—OD 646 -0.57 Break B.O.—far 637 + 0.09 
(—0.60) (+0.15) 
Far acuity—OS 646 0.56 Recovery B.O.—far 638 +0.02 
(—0.58) (—.02) 
Far acuity—-OU 647 —0.65 Bre k_ B.1.—far 646 + 0.00 
(——0.62) (—.10) 
Near acuity—OU 643 0.19 Recovery B.1.—far 646 + 0.17 
(—0.22) (+0.16) 
PD-—far 648 —0.04 Lat. phoria—near 644 —0.13 
(—0.26) (—0.11) 
St-tic ret—OS 651 + 0.87 Vert. phoria—near 642 -0.03 
(+ 0.88) (—0.03) 
Red-green—OD 573 + 0.96 Blur B.O.—near 490 —0.07 
(+ 0.94) (+0.09) 
Red-green——-OS 573 + 0.81 Break B.O.—near 630 +0.02 
(+ 0.86) (+0.12) 
Dynam. re.—OD 650 -0.21 Recovery B.O.—near 634 + 0.01 
(—0.17) (+0.01) 
Dynam. ret.—OS 650 —0.22 Break B.I.—near 643 + 0.04 
(—0.21) (+0.02) 
Lat. phoria—far 644 0.07 Recovery B.I.—near 641 + 0.20 
(—0.03) (+0.22) 
Vert. phoria—far 645 -0.06 INP binocularity 621 +0.01 
(—0.03) (+0.01) 
Blur B.O.—far 521 + 0.20 
(+0.27) 
RESULTS 


The zero order correlations and the first order partials are presented 
in Table 1 for the relationship between the right-eye static finding 
and the findings of the other tests taken in the survey. An inspection of 
Table | indicates immediately that there is a little or no difference be- 
tween the zero-order correlations and the first-order correlations with 
the exception of the correlation between static error and interpupillary 
distance. This correlation drops from —0.26 to —0.04 when age 
is partialled out and reflects the fact that both variables increase with 
age. This conclusion, that age does not affect the correlations between 
the static finding and other measures, must be restricted to a popula- 
tion of children with an effective age range between five and 15, inclu- 
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sive (91 per cent of the Pullman population), since age is likely to 
have some effect in the range between 20 and 60 as will be discussed 
later 

A further inspection of Table | indicates that there is a moderate 
relationship (+-0.60) between acuities at distance and static findings. 
a high (0.87) and very high (+0.96) between the right- and left- 
eye static measures and between the right-eye static and red-green test. 
respectively. The correlation between dynamic and static retinoscopy is 
low (—0O.22) while the relationships between static and all other 
measures are as low or lower than this with most being not different 
from zero. 


FABLE 2 
First order correlations between related findings with age partialled out. Zero 
order correlations in parentheses 


FINDING N FINDINGS N 

Far acuny (OD-OS) 646 + 0.87 Break B.O. (iar) 637 —Q0.18 
(+0.87) break B.I. (far) (—0.22) 

Far acuity (OD-OU) 646 + 0.92 Break BI. (far) 646 +0.39 
(+0.90) recovery B.I. (far) (+0.37) 

Feracurnry (OS-OU) 646 + 0.92 Blur B.O. (near) — 490 + 0.48 
(+0.91) break B.O. (near) (+ 0.47) 

Static ret. (OS) 573 + 0.90 Blur B.O. (near) 490 +0.21 
red-green (OS) (+0.94) recovery B.O. (near) (+0.21) 
Blur B.O. (fer) 521 + 0.43 Break B.O. (near) 630 + 0.38 
break B.O. (far) (+ 0.45) recevery B.O. (near) (+0.37) 
Break B.O. (far) 637 + 0.28 Break B.I. (near) 641 0.52 
recovery B.O. (far) (+0.25) recovery B.I. (near) (+0.51) 


The zero and first order correlations between related findings are 
presented in Table 2. It is again apparent that age has no influence on 
the relationship between visual measures. The relationship between 
the right and left eye acuity measures at distance as well as the rela- 
tionship between each and the both-eye acuity at distance is high 
(+-0.87 or higher). The relationship between the left-eye static and 


TABLE 3 


First order correlations between far-point and near-point findings with age 
partialled out. Zero order correlations in parentheses 


FINDING N FINDINGS N 
Far acuity (OD) 643 + 0.37 Blur BO. (far— 490 + 0.38 
near acuity (OU) (+0.39) near) (+0.39) 
Far acuity (OS) 643 + 0.48 Break B.O. (far— 630 +0.54 
near acuity (OU) (+0.49) ne’r) (+0.56) 
Far acuity (OU) 643 + 0.56 Recovery B.O 634 +0.34 
near acuity (OU) (+0.56) (far——near) (+0.34) 
Later) phoria 644 + 0.47 Break (far 643 
(far——near) (+ 0.47) near) (+0.32) 
Vertical phoria 642 + 0.37 Recovery 641 + 0.36 


(far-—near) (+0.37) (far—near) (+ 0.36) 
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red-green test is high (+0.90) but not as high as that between the 
right-eye tests (+0.96). The blur point and recovery point base-out 
are unrelated. The blur and break points base-out both near and far 
are correlated approximately +0.45. The break and recovery points 
show an increasing correlation from base-out at far (+0.28) to base- 
out at near (+ 0.38) with the base-in points running higher at +0.39 
for far and +-0.52 for near. 

The zero order and first order correlations between related findings 
at far and near point presented in Table 3 are all moderate ranging from 
+-0.31 for break point base-in at far and near to +-0.56 for the relation- 
ship between both-eye acuity at far and near 

Table 4 contains the zero-order correlations between the static 
finding and the other visual measures by myopic and non-myopic sub- 
jects. The relationships between the static finding and the findings 
for all measures other than acuity and the red-green test are very low 
and most are not significantly different from zero for both groups. The 
highest correlations are found between the static finding and the acuities 
at distance for the myopic subjects with correlations of approximately 


TABLE 4 
Breakdown of zero order correlations between right-eye static retinoscopic findings 
listed into myopic and non-myopic correlations. Number of subjects in parentheses 


NON NON 
FINDINGS MYOPES MYOPES FINDINGS MYOPES MYOPLS 


Far acuity OD 0.84 + 0.25 Break B.O.—far 0.13 + 0.22 
(210) (436) ( 209) (428) 
Far acuity——OS -0.81 + 0.23 Recovery B.O.—far —0.05 +0.10 
(209) (437) (209) (429) 
For acuity——-OU 0.85 +0.24 Break B.I far + 0.07 0.16 
(210) (437) (211) (435 
Near cuity—OU 0.40 + 0.24 Recovery B.I far + 0.06 + 0.22 
(209) (434) (211) (435) 
PD—far —0.13 0.17 Lat phoria——near 0.09 0.17 
(211) (437) (210) (433) 
St tic ret.—OS + 0.84 + 0.79 Vert. phoria——near 0.08 + 0.14 
(213) (438) (209) (433) 
Red-green—-OD + 0.96 + 0.86 Blur B.O.—near 0.06 + 0.15 
(204) (373) (151) (339) 
Red-green—OS + 0.89 + 0.65 Break B.O.—near 0.33 + 0.15 
(203) (374) (203) (428) 
Dynam. ret OD -O.11 0.24 Recovery B.O.—near 0.05 0.02 
(213) (437) (205) (429) 
Dynam. ret.—OS -0.10 -0.29 Break B.I.—near + 0.01 0.09 
(213) (437) (210) (433) 
Lat. phoria—far - -0.14 Recovery B.I.—near + 0.13 + 0.13 
(433) (210) (433) 
Vert. phoria—far_ - 2 +0.16 NP binocularity 0.06 + 0.07 
(435) (200) (420) 
Blur B.O.—far 2 + 0.28 
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—0.84. The corresponding correlations for the non-myopic subjects 
approximate +0.24. The relationships between the right and left eye 
static findings and the red-green tests are all high with the myopes 
showing higher correlations (from +0.84 to +0.96) but without the 
great differences apparent in the static-acuity correlations. 


TABLE 5 
Breakdown of zero order correlations between related findings into myopic and 
non-myopic correlations. Number of subiects in parentheses. 


NON NON 

FINDINGS MYOPES MYOPES FINDINGS MYOPES MYOPES 
Far acuity (OD-OS) +0.88 + 0.64 Break B.O. (far) — —0.20 —0.21 
(209) (436) break B.I. (far) (209) (428) 

Far ccuity (OD-OU) +0.90 + 0.80 Recovery B.O. (far) — +0.08 +0.26 
(210) (436) recovery B.I. (far) (209) (429) 

Far acuity (OS-OU) +0.93 + 0.77 Break B.I. (far) — +0.31 
(209) (437) recovery B.I. (far) (211) (435) 

Height- weight + 0.91 + 0.92 Blur B.O. (near) +0.43 +0.49 
(212) (436) break B.O. (near) (144) (335) 

Static ret. (OS) +0.96 +0.85 Blur B.O. (near) — +0.21 +0.20 
red-green (OS) 203) (374) recovery B.O. (near) (146) (336) 
Blur B.O. (far) + 0.39 + 0.44 Break B.O. (near) — +0.15 +0.44 
break B.O. (far) (175) (337) recovery B.O. (near) (203) (428) 
Break B.O. (far) — +0.34 +0.23 Break B.I. (near) — +0.64 +0.45 
recovery B.O. (far) (209) (428) recovery B.I. (near) (210) (433) 


Table 5 presents the zero order correlations between related find- 
ings for the myopic and non-myopic subjects. The same relationships 
apparent in Table 4 are present here with the myopes showing higher 
correlations on the acuity measures and the static-red-green measures 
ranging from +0.88 to +0.96 for myopes and from +0.64 to 
+0.85 for non-myopes. The correlations between the blur point and 
break point base-out are approximately the same at both far and near 
and, in turn, the same for both groups of subjects (+0.44). The rela- 
tionship between the blur and recovery points base-out at near is low 
(+0.20) and the same for both groups. The base-out break and 
recovery point correlations differ both between far and near and the 
two groups of subjects with myopes showing a correlation of +0.34 
at far against a coefficient of +0.23 for non-myopes with a reversed 
relationship of +0.15 for myopes at near and +0.44 for non-myopes. 
The correlations between base-in break and recovery points are con- 
sistently higher for myopic subjects at both far and near with correla- 
tions of +0.54 and +0.64 for myopes at far and at near respectively 
contrasted with correlations of +0.31 and +0.45 for non-myopes. 

The zero order correlations between far-point and near-point 
findings for the two groups are presented in Table 6. Here we find a 
reversal of the relationship between the myopes and non-myopes with 
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respect to the acuity tests at far and near. As might be expected the 
correlations between the far and near acuities are higher for non-myopes 
ranging from +0.54 to +0.73 than for myopes with a range from 
+0.33 to +0.55. The correlations between far and near point measures 
on the remaining visual tests are consistently moderate and higher for 
myopes than for non-myopes. 


TABLE 6 
Breakdown of zero order correlations between far-point and near-point findings 
into myopic and non-myopic correlations. Number of subjects in parentheses. 
NON- NON- 
FINDINGS MYOPES MYOPES FINDINGS MYOPES MYOPES 


Far acuity (OD)— +0.33 +0.54 Blur B.O. (far— +0.41 +0.38 
near acuity (OU) (207) (433) near) (132) (289) 
Far acuity (OS) +0.48 +0.58 Break B.O. (far— +0.61 +0.53 
near acuity (OU) (209) (434) near) (202) (422) 
Far acuity (OU)— +0.55 +0.73 Recovery B.O. +0.39 +0.32 
near acuity (OU) (207) (434) (far—near) (204) (424) 
Lateral phoria +058 +0.42 Break B.I. (far— +0.34 +0.31 
(far—near) (210) (433) near) (210) (433) 
Vertical phoria +0.43 +0.33 Recovery B.I. +0.48 +0.30 
(far—near) (209) (433) (far—near) (210) (433) 


DISCUSSION 

The correlation between distance acuity and static refractive error 
of —0.84 found in this study may be compared with the +-0.95 correla- 
tion found by Hirsch* for the relationship between the logarithm of 
acuity and the log of a modified subjective refractive error. The differ- 
ence in sign is the result of different scoring techniques used in the two 
studies and is without meaning. The higher correlation found by 
Hirsch may depend on (a) his use of a subjective measure of refractive 
error rather than an objective measure, (b) the use of a correlation 
between logarithms rather than raw scores which would tend to spread 
out the subjects with low minus corrections and increase the range 
within which most of the subjects are grouped and as a result the magni- 
tude of the correlation coefficient, (c) the use of both eyes of a small 
number of subjects, 34, since the correlation between the acuities of the 
right and left eye is higher (+0.88) than the correlation between 
acuity and refractive error for the same eye, and, finally, (d) on the 
use of a smaller number of subjects. In any case it is apparent that the 
correlation between refractive error and visual acuity at distance is quite 
high (+0.84 to +0.95) for myopes, and low (+0.24) for non- 
myopes. 

The intercorrelations between acuity measures may also be com- 
pared with those found by Zachert'® using the orthorater scores of 
2000 individuals. The acuity correlations found in the present study 
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are all in the same direction but higher than those found by Zachert 
except for the correlation between both-eye acuity at far and near which 
was the same, +0.57. Zachert found a correlation of +0.57 between 
right eye and left eye acuity at distance while we found +0.88 for 
myopes, +0.64 for non-myopes and +-0.87 for total group. For the 
correlation between right eye and both eyes at far Zachert found +-0.70 
as against +-0.90 for myopes, +0.80 for non-myopes and +-0.90 for 
total; for left eye and both eyes at far the values are +0.72 againsi 
+-0.93 for myopes, +0.77 for non-myopes and +0.92 for total. In 
both studies the correlation between left eye acuity and total acuity 
at distance is slightly higher than the relationship between the right 
eye and total 

The higher correlations obtained on the clinical acuity tests indi- 
cate the possibility that the clinical test measures something other than 
what the orthorater acuity tests measure. This hypothesis is supported 
by Emmes'™® and by Davis"! study of the relationship between clinical 
acuity tests and orthorater tests in which she found a correlation of 
+-0.82 between both-eye tests at distance, 4+-0.67 between right-eye tests 
and +0.63 between left-eye tests. 

The results of this study may also be compared with those found 
by Manas in his study of the relationship between refractive error and 
optometric tests. The only correlations which are comparable are those 
dealing with the relationship between the habitual phorias at far and 
near with refractive error and that between the dynamic and static 
measures of refractive error. Inasmuch as his correlations are based on 
the subjective finding while ours were based on the objective finding. 
they are not strictly comparable but with a close relationship between 
the red-green and the static in our subjects it is likely that the subjective 
would also have been closely correlated with the static, thus furnishing a 
basis for comparison. 

Manas* found a correlation of +0015 between the habitual 
phoria at near and the subjective on an unspecified sample whereas we 
found a correlation —-0.13 between the phoria and static. Further, he® 
found a correlation of —-0.027 between the phoria at far and the sub- 
jective whilst we obtained a value of —0O.03. The values found on 
this sample of 644 children closely support the findings of Manas on 
an unspecified sample. However, Manas'® found a high correlation of 
+-0.88 between the dynamic at 20 inches and the subjective whereas 
we found a low correlation of —0.17 between the dynamic and static. 
I his great difference may be due to the correspondingly great difference 
in the samples of subject. Manas describes his sample as, ‘1000 cases 
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selected at random from the total clinic files of the Chicago College of 
Optometry.” These data consist, “almost exclusively, of individuals 
who desired an eye examination because of a visual complaint. A spot 
sample of these cases revealed that two-thirds of these are non-presby 
opes and one-third are presbyopes.’ Thus his sample is composed 
almost exclusively of adults with a relatively high proportion of pres 
byopes. Using Duane’'s? figures. Manas’ sample is estimated to have an 
average of 4.50 to 5.00 D. of accommodation amplitude compared 
with the average of 11.50 in the Pullman sample. The greatly reduced 
accommodation amplitude in the Chicago sample would tie the dynamic 
much more closely to the subjective and static findings resulting in the 
higher correlation found in the Manas study. This brings us back to the 
point mentioned earlier, that. while the correlations between the visual 
measures taken on the Pullman sample are independent of age, it cannot 
be concluded that the same measures would still be independent in a 
sample of different ages. It is quite possible that Manas’ value would 
have been different if he had partialled out age. 

The highest zero order correlation obtained in this study was the 
+0.96 between the left eye static and left-eye red-green for myopes 
which indicated that there is apparently a close relationship between 
the two. Perhaps, one could even be substituted for the other or the 
static could be checked by using the red-green test. The actual close 
ness of the relationship is not indicated by the correlation coefficient but 
rather by the size of the standard error of estimate. Using the relation 
ship between the static and red-green, we find that the standard devia 
tion of the static findings is 1.40 diopters, and the standard error of 
estimate with a coefficient of +0.96 is 0.39 or approximately three- 
eighths of a diopter. If we were to predict or calculate the static error 
from the red-green test, we would be within three-eights of a diopter 
above or below the measured static value on 68 per cent of our calcula 
tions and within three quarters gf a diopter on 95 per cent of our pre 
dictions. To drop the latter value to one-quarter of a diopter above 
and below, we would have to have a correlation of +0.99 between the 
red-green and static measures. As a generalization one could say that. 
if there is more than a diopters difference between the two findings, 
something is not as it should be 


If one takes into account the leptokurtic nature of the distribution 
of static refractive findings with the consequent exaggeration of the 
standard deviation, it is possible to revise the above generalization. In 
this case we can say that approximately 80 per cent of the predicted 
values will fall within a half diopter above or below the measured 
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static refractive error, or, that in approximately 80 per cent of the 
cases there will not be more than a half diopter difference between the 
static finding and the red-green test results. Consequently, if the clinician 
is satisfied with these odds and with a possible discrepancy of a half 
diopter, he could well eliminate one or the other of these tests. 

Obviously, when we turn to the other correlations involved in 
this study our predictions will be much poorer. However, since there 
is no real need for prediction from one test to another in a visual exam- 
ination in that all tests can be given with ease and in a short time, we 
might ask what is the purpose of such a study as this? The answer 
is that we are searching for relationships to support current hypotheses 
and suggest new ones. Further, the results presented here may be used 
in situations such as surveys where there is insufficient time and a lack 
of skilled personnel to apply standard tests. With older children and 
adults it is possible for a nonskilled person to take a satisfactory red- 
green test which may then be substituted for the static retinoscopy which 
can not be taken by an unskilled person. Similarly, it would not be 
necessary to take more than one measure of visual acuity on one eye 
at distance to achieve a satisfactory survey description of distance acuity. 
All such measures which show high intercorrelations may be omitted 
since essentially they are measuring more or less the same thing. In 
situations where time is important and one must get the most informa- 
tion in the least amount of time, only those tests which show low 
intercorrelations should be used. The goal of all test constructors is to 
find the combination of tests which correlate maximally with the 
criterion and minimally with each other. This latter is one result which 
has been partially achieved here. 

The higher intercorrelations on base-in measures found among my- 
opes is of interest especially since there is no apparent relationship among 
base-out measures. Other conclusions of interest are the low correlations 
found between the static refractive error and measures other than acuity 
and the red-green test, the moderate correlations found among phorias 
and ductions measures and between findings at far point and at near 
point, the non-existent influence of age in the age range studied here 
but its influence at higher age levels and, finally, the higher inter- 
correlations found among myopes on most acuity measures other than 
the relationship between far and near acuity. 
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GENETIC AND ENVIRONMENTAL IMPLICATIONS RESULT- 
ING FROM A STUDY OF CORNEAL CURVATURES AND 
TOTAL REFRACTIVE STATUS OF IDENTICAL AND 
FRATERNAL TWINS* 


Richard J. Wixson7 
Shamokin, Pennsylvania 


INTRODUCTION 

A genetic basis for the transmission of refractive errors has been 
postulated by several investigators. Some weight has been given to 
this hypothesis by the studies of Hofstetter and Rife.' Waardenburg.* 
and Wixson* who compared the intra-pair similarities of the total 
refractive errors of monozygotic and dizygotic twins. Theoretically 
monozygotic or identical twins should show a higher correlation than 
dizygotic or fraternal twins whose genetic ties were less close. At the 
same time it was felt that environmental influences were rather constant 
between the members of each twin pair unless the twins were reared 
apart. All three investigators found a marked correlation of the total 
refractive errors of the monozygotic twins and a less significant correla 
tion of the dizygotic twin group 

At the same time a rather paradoxical situation has arisen, first 
noted by Hofstetter and Rife, and later by Grosvenor.’ that although 
there was a high correlation of the total refractive errors between the 
identical twins, there was apparently little or no correlation between 
the corneal curves as measured by the keratometer. This seems all the 
more surprising since other studies” correlating the physical characteristics 
of identical twins (such as height and weight) show remarkably high 
correlation coefficients 

If we assume that the conclusions outlined above are true, it would 
appear then that there is some evidence for the validity of both the 
genetical and environmental schools of thought regarding the causal 
factors in ametropia. Marked correlations of the total refractive errors of 
monozygotic twins and lesser correlations of dizygotic twins poinis 
to the role of heredity as being the dominant factor in ametropia or 
emmetropia. On the other hand, higher or similar correlations of 
corneal curvatures of the fraternal twins as compared with the corneal 
curvatures of identical twins could indicate that environmental factors 
are effective here 


*Read before the annual meeting of the American Academy of Optometry. Boston 
Massachusetts. December 13. 1958. For publication in the November. 1959. issue of 
the AMERICAN JOURNAL OF OPTOMETRY AND ARCHIVES OF AMERICAN ACADEMY 
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It is the purpose of this paper to further investigate the roles of 
heredity and environment upon the development of corneal curvatures 
and refractive errors. 

EXPERIMENTAL PROCEDURE 

Seven pairs of identical twins and a like number of fraternal 
twins were used as subjects. All twin pairs were reared together. All 
subjects were examined by the author using the same equipment. Routine 
refractive procedures were done on all subjects, including keratometric 
readings and determination of the spherical equivalent refractive error. 
Data used in this paper were obtained from the right eyes of all subjects. 
Correlation coefficients of the corneal curvatures and spherical equivalent 
refractive errors were calculated for both groups of twins. 

DATA 

Tables 1 and 2, respectively, give the data relating to the kerato 
metric readings and spherical equivalent refractive errors of identical and 
fraternal twins. 


TABLE 1 
Keratometric Readings for the Right Eye in diopters for Identical and Fraternal Twins 
Identical Twins Fraternal Twins 
Hori- 
Subject zontal Meridian Vertical Meridian Horizontal Meridian Vertical Mer 
Pairs B A B A B A B 
l 43.75 44.00 44.25 44.50 45.00 45.25 46.25 45.50 
2 43.75 45.00 44.00 45.00 44.50 43.75 44.50 43.25 
3 44.25 44.50 45.00 45.50 45.00 43.25 46.75 43.75 
4 45.00 45.00 47.00 47.00 44.25 45.00 44.75 46.00 
5 44.50 44.25 45.00 44.75 44.00 43.75 45.25 44.00 
6 46.00 45.00 46.75 45.50 46.50 46.00 48.25 47.00 
7 44.00 43.50 45.00 44.50 42.00 40.50 44.00 41.50 
TABLE 2 


Spherical equivalent refractive error of Right Eye in diopters for identical and 
fraternal twins 


Subject pairs Identical twins Faternal twins 
A B A B 

l + 0.25 +0.25 -1.87 +0.25 

2 +0.12 + 0.37 +7.13 +2.00 

3 +0.50 +0.75 —2.87 —1.50 

4 —2.25 —1.87 0.00 0.12 

5 0.00 0.00 +0.50 —),12 

6 —0.12 0.00 0.00 0.00 

7 + 2.25 + 2.50 +0.75 +0.12 


DISCUSSION 

The results listed in Table 3 tend to support, at least in part, the 
findings of other investigators that there is a lesser correlation between 
corneal curvatures than that found between spherical equivalent refractive 
errors of identical twins. To reconcile this difference, it would appear 
that an eye with a short corneal radius would also have a shorter axial 
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length. This desire toward emmetropia seems to be beautifully illus- 
trated by our study here. Generally genetically speaking, this could mean 
that the gene mediating corneal radius and axial length are closely related. 


TABLE 3 


Statistical data correlating keratometric readings and total refractive status of identical 
and fraternal twins for the Right Eye. 


Identical twins Fraternal twins 
readings principal Meridians “K"' readings principal Meridians 
Horizontal M Vertical M Horizontal M Vertical M 
A A B A 
N 7 7 7 7 
Means 44.44 44.46 45.28 45.28 44.46 43.92 45.68 44.43 
S.D 0.74 0.54 1.14 0.81 1.25 1.66 1.34 1.72 
r + 0.53 + 0.73 +0.88 +0.61 
Sph. equivalent refractive error of Sph. equivalent refractive error of 
identical twins fraternal twins 
r r +0.81 


It has been suggested in the literature that the lower correlation of 
the corneal curvatures of the identical twins may be due to environ- 
mental influences. This facet may be worthy of our attention since we 
found that these correlations, on the average, were no higher than 
those found for fraternal twins. In order to determine whether corneal 
curves do change over a period of years the following study was made: 
The records of fifteen subjects who had been examined at least twice 
and some as many as five times were selected at random from our office 
files. They averaged 11.7 years in age, were unrelated and were from 
unselected environments. Thus if any general trends were found it 
would be difficult to ascribe them, with any assurance, to the effects of 
either heredity or environment. Changes in keratometric readings and 
spherical equivalent refractive errors as well as the time interval between 
such changes are given in Table 4. 

Table 4 shows a general trend toward a longer corneal radius in 
both the horizontal and vertical meridians. The amount, however, is 
very slight and the average of the principal meridians would be less than 
a quarter of a diopter over the time interval covered by this sample. This 
would be of little significance, refractively, and is well within the error 
of clinical measurement. On the other hand, changes in the spherical 
equivalent refractive error points to a change toward less hypermetropia 
or more myopia with increased age, probably a result of increased axial 
length. Increased corneal radius and increased axial length with increas- 
ing age in a number of subjects with unselected heredity and environment 
point to the factor of growth as being important here. 
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TABLE 4 


Changes in keratometric readings and total refractive status of a number of 
unrelated subjects over a period of years 


Time interval 


between 
Age first *Changes in keratometric readings Ist © last Changes in sph 
Subject exam. Horizontal M Vertical M exams. equivalent 
Number (Years) (Diopters) (Diopters) (Months) (Diopters) 
- 13 +0.50 0.00 30 —1.62 
2 10 + 0.50 +0.25 45 1.50 
13 + 1.25 + 0.50 42 0.00 
4. 9 0.00 0.00 7 1.50 
5 13 0.00 —0.50 15 —0.87 
6. 8 0.00 0.00 35 +0.75 
7. 11 +0.25 0.00 46 —0.50 
8. 11 + 0.00 0.00 15 ,7 
9. 13 0.00 0.00 36 nif, 52 
10. 15 0.00 —0.75 18 + 0.37 
EF 17 0.00 +0.25 24 0.25 
12. 8 +0.75 + 1.00 20 +0.37 
13. 7 +0.25 +0.25 19 —0.50 
14. 14 +0.25 —0.25 27 0.00 
15. 13 + 0.50 —0.25 23 —0.50 
Average 11.7 +0.28 —0.03 27 —0.44 
*signconvention (+) = change in keratometric readings tending to produce more 


hypermetropia as from 42.7 D to 42.00 D. 
tending to produce more myopia as from 42.50D. to 
43.00 D. 


II 


SUMMARY AND CONCLUSION 

(1) Correlation coefficients for corneal curvatures and spherical 
equivalent refractive errors of identical and fraternal twins fall within 
the range postulated by Pearson® as indicating close genetic ties. 

(2) Higher correlation coefficients for spherical equivalent refrac- 
tive errors as compared with corneal curvature coefficients in the related 
groups appears to mean that the corneal radii and axial lengths varied 
in the same direction. Genetically this could mean that there is a close 
relationship between the totality of genes controlling the development 
of the eye or, perhaps, just a maturation process, or both. 

(3) A general trend, i.e., increased corneal radius and increased 
axial length with increasing age, was noted for a group of unrelated 
subjects who came from unselected environments and whose changes in 
corneal curvatures and refractive errors were noted over a period of time. 
For this group it was observed that there appeared to be greater changes 
in the refractive status of the eye than did the changes in the radii of 
the cornea. 

(4) For a number of subjects, corneal curvatures varied little 
over a period of years. 
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(5) There is no evidence from this report to indicate that corneal 


curves of the subjects studied here were modified appreciably by any 
factor or factors. Subjects in this study were selected from a group of 
identical twins, a group of fraternal twins and a group of unrelated 
subjects 


8 WEST SUNBURY STREET 
SHAMOKIN, PENNSYLVANIA 
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THE HAPTIC (SCLERAL) CONTACT LENS AND IT’S 
VALUE IN TODAY'S PRACTICE* 


Harold I. Mosst 
Wilmington, Delaware 


Several years ago the writer’ illustrated the need for clinical effici- 
ency in all lens constructions if success is to be achieved in contact lens 
fitting. If the prescribing of lenses is restricted to one type of lens, 
failure in a good percentage of cases is almost certain. 

It is the writer's opinion that if only corneal lenses are employed 
the optometrist will meet with at least 10 per cent total failure. In 5 
per cent of the cases he will be able to achieve partial success and in an 
additional 10 per cent, months will pass before the patient reaches satis- 
factory physical and visual comfort. Factors which influence the success 
or failure of a case in which corneal lenses are employed exclusively are 
(1) refractive error, (2) orbital positioning, (3) corneal and palpebral 
sensitivity, (4) motivation, (5) patient’s age, (6) patient's occupa- 
tion, (7) sporting activities, (8) manual dexterity. 

In a paper presented by the writer at the 1957 meeting of the 
Academy the subject of refraction was mentioned. Routinely we utilize 
every refractive procedure in order to arrive at that correction which will 
afford our patients maximum acuity with maximum comfort. We note 
quite carefully 0.25 D. cylinders as well as any interference with the 
fusional processes. When prescribing we incorporate cylinders in the 
ophthalmic prescription and add prisms or prescribe visual training. 
What, however, happens when corneal contact lenses are prescribed? 
Because it is impossible to incorporate a cylindrical or prismatic correc- 
tion in a corneal lens any residual astigmatism or muscle imbalance musi 
be ignored. This procedure we would not entertain when prescribing 
ophthalmic lenses. 

The writer has attempted to analyze the number of patients for 
whom the addition of a cylinder for the correction of residual astig- 
matism provides better vision and greater comfort. The figure, in the 
writer's practice, is about 10 per cent of the total number of contact 
lens cases. It, therefore, becomes clear that one factor influencing the 
success of a contact lens case is residual astigmatism and another factor 


*Read before the annual meeting of the American Academy of Optometry. Boston 
Massachusetts, December 16, 1958. For publication in the November, 1959. issue « f 
the AMERICAN JOURNAL OF OPTOMETRY AND ARCHIVES OF AMERICAN ACADEMY 
OF OPTOMETRY. 

+Optometrist. Fellow, American Academy of Optometry 
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is the muscle balance. Patients requiring the addition of either cylinders 
or prisms do quite well initially but as their asthenopic symptoms de- 
velop their ability to wear their corneal lenses lessens. To achieve com- 
plete comfort for these patients it becomes necessary to utilize haptic 
(scleral) lenses. 

The writer has seen and has heard of many instances wherein 
athletes who engage in contact sports have lost their corneal lenses. The 
situation is so serious that one insurance agent refuses to issue policies for 
athletes unless they have haptic lenses. Certainly there are many athletes 
who are wearing corneal lenses but any physical jar may cause the lens 
to fall out. It has been said that when we prescribe for contact sports 
we should prescribe tighter lenses. This is not a solution to the problem 
but simply an excuse for not doing the proper thing for the patient. 
Why should anyone be told that he must have two pairs of contact 
lenses when one pair will do a better all around job. 

Most optometrists have seen elderly people try to insert a corneal 
lens. Most have seen a binocular aphakic patient drop a lens and try 
to find it. Most have seen patients with thick heavy fingers and patients 
with shaky hands try to insert a corneal lens. While it is true that 
some of these patients eventually do well with corneal lenses it is also 
a clinical fact that many of them will do better with haptic lenses from 
the outset. They will also avoid the serious mental handicap usually 
encountered as the patient continually has trouble. 

The sensitivity factor is important. The writer has successfully 
prescribed haptic lenses for almost all of those patients who could not 
tolerate corneal lenses. These patients are easily known for their eyes 
become quite injected and tear profusely upon the insertion of corneal 
lenses. If these symptoms persist corneal lenses are contraindicated and 
the patient should be changed to haptic lenses. 

Enophthalmic and exophthalmic eyes frequently present problems 
for corneal lenses which may be resolved through the use of haptic 
lenses. 

The writer would like to mention an experiment conducted in 
his practice about a year ago. Ten patients were selected, all of whom 
were capable of wearing their corneal lenses the full waking day, and 
had no objective or subjective symptoms. Haptic lenses were prescribed 
for all 10. The proper amount of time was allowed for full settling of 
the lenses. All lenses were adjusted and judged clinically correct. The 
patients were then asked to wear the ienses as they preferred over 2 
period of three months. Nine of the ten patients preferred the haptic 
lenses. Eight discarded the corneal lenses completely: one preferred the 
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corneal lenses for social functions and one reported that he preferred the 
corneal lenses. The reasons for these decisions on the part of these 
patients were ease in handling and elimination of the fear of possible 
loss plus the universal statement (including the one case who preferred 
the corneal lens) that they could do anything they wanted with the 
haptic lens. Another factor was the considerable reduction of getting 
dust particles between the lens and eye. There is no attempt in making 
this report to infer that this percentage would hold true should more 
cases be tried, it is simply reported for its interest value. 

In considering prescribing haptic lenses an American optometrist 
may reject the idea because of the following reasons: (1) He has been 
told by some laboratory representatives that scleral lenses are old fash- 
ioned, cannot be worn, are cosmetically poor, etc. (2) He has been 
advised in some of his undergraduate professional education and post- 
graduate work that haptic lenses are not efficient. (3) He has attempted 
to prescribe certain haptic products of American laboratories and encoun- 
tered numerous problems. (4) He had found it almost impossible for 
certain American laboratories to reproduce their own control lenses. 

These are the reasons why the American optometrist has discon- 
tinued prescribing haptic lenses. If it were impossible to overcome these 
factors no responsible practitioner would or should prescribe these lens 
constructions. 

It is, however, true that our English colleagues have been prescrib 
ing, with excellent results, fluidless haptic lenses since at least 1948. 
The writer is also advised that French practitioners have been achieving 
excellent results since about 1942. It is therefore proper to wonder why 
the American optometrist frequently floundered with inefficient lens 
constructions while elsewhere excellent results were being achieved. 

The basic requirements for the successful prescribing of haptic 
lenses are a tangent scleral fit, limbal clearance and just enough corneal 
clearance to prevent corneal contact and too large an air bubble. One 
such lens construction is known as the Transcurve lens which is so ably 
described by Bier. Another such lens construction is known as the 
Wide Angle lens and is produced quite accurately by most English 
laboratories. In America a very efficient haptic lens construction is 
known as the Lacrilens and produced by the Obrig laboratories. All 
of these lenses are ventilated. 

To achieve the proper requirements is more difficult than the 
accurate prescribing of corneal lenses because of additional lens variables 
which must be accurately prescribed. This the writer fears is the prin- 
ciple reason why most practitioners refuse to prescribe haptic lenses. 
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In the writer's opinion it is absolutely essential that the prescriber 
be equipped for and capable of carrying out local lens adjustments him- 
self. He must be able to regrind the haptic to reduce corneal clearance: 
he must be able to relieve tight areas. While it is possible to make cor- 
neal grindouts it is best that this phase of the work be left to the labora- 
tory until such time as the practitioner becomes adept at such adjust- 
ments. 

As has been stated, it is more difficult to prescribe haptic lenses 
than corneal lenses, but this should not deter us. Haptic lenses may be 
prescribed from either control shells or eye moulds. Either method is 
satisfactory and the optometrist may use either or a combination to 
satisfy his patients’ needs. The writer prefers the control shell proce- 
dure and only resorts to moulding when it is impossible to achieve a 
satisfactory fit with control shells. This occurs in about 5 per cent of 
the cases. The basic reason for using pre-formed shells is to know in 
advance the clinical fit which will be obtained and the patient's ability 
to adjust to the lens construction being prescribed. There have been 
many excellent papers written on the moulding procedure some of which 
have been published by the Academy. In addition several excellent texts 
are available on the subject. 

There is not time in this report to go into the prescribing of haptic 
constructions in great detail. Each optometrist may learn the techniques 
from the available sources. What has been attempted in this discussion 
of haptic constructions is simply to advise the members of the profes- 
sion that such constructions are available to them. 


2106 BAYNARD BLVD. 
WILMINGTON, DELAWARE 
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THE PRINCIPLES OF TONOMETRY AND THE WOLFE 
SCLERAL TONOMETER* 
PART III 


John H. Cartert 
Division of Optometry, Indiana University 
Bloomington, Indiana 


INTRODUCTION 

For years corneal tonometry has been the accepted clinical mode of 
intraocular pressure estimation. It is probable that the selection of the 
cornea as the popular site of tonometer application was based upon its 
obvious accessibility and upon the relative thinness of its epithelial coat. 
Further, it may have been assumed that the cornea provided more fav- 
orable physical characteristics than the sclera. 


The cornea as a popular site for tonometer application is not, 
however, without its disadvantages. Certain pathological states affecting 
the anterior refracting surface may make tension measurement difficult, 
unreliable, or hazardous. Minor corneal injuries are not infrequent. 
Apprehension may bring about spasm of the palpebral portion of the 
orbicularis muscle causing pressure to be exerted against the eyeball there- 
by giving rise to spurious estimates of the magnitude of the original pres- 
sure. Further, the associated use of topical anesthesia may make the 
corneal epithelium especially susceptible to damage and also makes the 
technique essentially unavailable to optometrists. 


Scleral tonometry using the Wolfe instrument has recently aroused 
considerable interest in optometric circles and several excellent reports': * * 
of the results of clinical study have appeared in the literature. 


Although readings obtained by means of the Wolfe instrument 
appear to compare favorably in most instances with those of the 
Schiotz,*»* certain of their characteristics make uncritical acceptance 
inadvisable. 

It has been the purpose of the present investigation to analyze 
the physical and mechanical characteristics of the Wolfe instrument as 
well as its performance on pressure controlled animal eyes. 


*Read before the annual meeting of the American Academy of Optometry. Boston 
Massachusetts. December 14, 1958. For publication in the November, 1959, issue of 
the AMERICAN JOURNAL OF OPTOMETRY AND ARCHIVES OF AMERICAN ACADEMY 
OF OPTOMETRY 
Part I of this report appeared in the September issue and Part II in the October issue 

+Optometrist. Fellow. American Academy of Optometry 
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Fig. 6 The faces of the Bailliart and the Wolfe tonometers. Note the identity, even 
to irregular spacing, between the sccle of the Wolfe instrument and the Bailliart cor 
neal scale 


PRELIMINARY DISCUSSION 

The Wolfe Scleral tonometer was designed by the late Dr. Otis 
B. Wolfe of Marshalltown, lowa. The instrument appears to be a 
variant of the French Bailliart tonometer which has been described in 
an earlier paper.‘ (See Figure 5 in Part II.) The instrument presently 
available, the Wolfe Model ‘‘C,”’ is manufactured by the Chicago Dial 
Indicator Company under the auspices of the Department of Clinical 
Research, Illinois College of Optometry. Shulman® has published the 
following description of the Wolfe Tonometer: 
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Fig. 7 The Wolfe scale reading in millimeters of mercury plotted against the angular 
value of the needle rotation in degrees of arc 
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Fig. 8. The mechanism of the Wolfe Viodel C tonometer. The shaft within the 
stem of the instrument is attached rigidly to the plunger on its lower aspect and com 
municates with one component of the gear mechairism on its upper. The upper end 
of the shaft describes an arc as plunger is activated. This motion is permitted by a 
loose fit of the plunger within the tonometer footplate. Obviously, plunger motion 
is not purely vertical but a slight rocking action of the plunger end is permitted to 
occur. A spring within the instrument gives rise to the plunger load although the 
weight of the plunger and shaft must contribute to the load when the instrument is 
used in a vertical position. 


The instrument is about 4!) inches long and consists of large face dial 2 inches 
in diameter to which is attached a stem 2!4 inches long containing a sliding sleeve 
This sleeve operates against a tension spring that causes the instrument to maintain a 
constant and fixed pressure when applied against the eye. At the end of the stem is a 
detachable footplate having a radius of curvature of 15 mm. and a diameter of 10 
mm. The footplate, which is placed in contact with the sclera, contains four holes 
each 2 mm. in diameter. These holes serve to prevent possible vacuum action on 
the sclera due to capillary adhesion which might occur if a closed footplate of different 
curvature than the sclera were used. Projecting through the center of the footplate is a 
movable plunger that sinks into the sclera and activates the pointer on the dial. The 
dial is calibrated from zero to 130 mm. of mercury.—On the stem of the instrument 
there are two red and two black rings that serve as indicators for the degree of pres 
sure with which the instrument should be applied against the eye.—If the instrument 
is applied while the patient is reclining, the movable sleeve is depressed to the first or 
red line-and-to the second or black line when the patient is in a sitting position. 


Hirsch? has reported that the average pressure determined by the 
Wolfe instrument is similar to that obtained by the use of the Schiotz 
and further that the ranges of the two instruments appear to be very 
nearly identical. In spite of this similarity, scleral tonometry using the 
Wolfe instrument appears to differ markedly from corneal tonometry 
in at least two respects.? First, it has been reported that the initial 
reading taken with the Wolfe instrument is frequently spurious thus 
necessitating that readings be taken in multiple and the first reading be 
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Fig. 9. A micrometer constructed for the purpose of determining the magnification 
characteristics of the Wolfe Tonometer. The superior portion of the micrometer 
consists of a piece of brass, the central zone of the upper end of which bears a 15 
mm. radius of curvature. A hole drilled in the brass along its axis permits entry of 
the tonometer plunger which contacts an internal shaft which in turn communicates 
with the screw mechanism of a modified spherometer. Plunger movement can_ be 
measured to an accuracy of 0.01 mm 


discarded. Second, a bimodality appears to be characteristic of the 
Wolfe distribution curve with the secondary peak occurring somewhere 
between 25 and 30 mm. Hg. 

PHYSICAL AND MECHANICAL CHARACTERISTICS OF WOLFE TONOMETER 

Since the present investigation is concerned with an evaluation 
of theoretical principles upon which the Wolfe instrument operates, 
the reader is referred to an earlier paper® for necessary background infor- 
mation. 

Apparently the dial of the Wolfe Scleral tonometer has been taken 
from the Bailliart instrument (Figure 6). It is noted that the French 
instrument shows a scleral and a corneal scale and it is the corneal 
rather than the scleral scale which has been used in the Wolfe Scleral 
Tonometer. The scale is not linear and has some irregularities shown 
in Figure 7 in which the Wolfe scale reading in millimeters of mercury 
is plotted against the needle deviation in arc degrees. To check whether 
or not the irregularity of the Wolfe dial scale was in compensation 
for a nonlinear gear mechanism (Figure 8), the depth of scleral indenta- 
tion recorded in millimeters by means of a specially constructed microm- 
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POINTER DEVIATION DEGREES 
Fig. 10. The distance in millimeters by which the plunger end extends through the 


footplate plotted against the corresponding angular movement of the indicator expressed 
in degrees of arc. 

eter (Figure 9) was plotted against the angle of needle rotation (Fig- 
ure 10), 70 mm. Hg. on the scale being taken as the point of zero 
indentation. It is apparent that the mechanism does not deviate by any 
significant amount from linearity except for scleral indentations of less 
than approximately 0.2 mms. (four Schiotz units). 

A calibration curve identical in form to that of the Schiotz instru- 
ment would scarcely be expected since in a spring-loaded instrument the 
plunger load is a function of the indicator position. Nevertheless, it was 
decided to plot the depth of scleral indentation (Schiotz units) against 
the pressure designation of the Wolfe instrument (mms. Hg.) (Figure 


SGHIOTZ UNITS 


Fig. 11. The Wolfe scale reading in millimeters of mercury plotted against ‘he 
plunger extension in Schiotz units as measured by micrometer. One Schiotz unit is 
equivalent to 0.05 mm. 
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11). Since the curve is not like the Schiotz calibration curve, it is appar- 
ent that the original scale was not taken from the Schiotz. 

It has been shown® that the effects upon the clinical estimate of 
the intraocular pressure of an unusually high ocular rigidity are mini- 
mized when a tonometric device is used to measure intraocular pres- 
sures above it's critical pressure. The critical pressure of a Wolfe Model 
“C’" tonometer was calculated and found to be in excess of 69 mm. 
Hg., due to the extreme amount of pressure with which this instrument 
is applied to the eye. 

Even though the range of the dial of the Wolfe implies the 
greatest range of readings found in any tonometric device, being cali- 
brated from 5 to 130 mm. Hg., 70 mm. must be considered to be the 
upper functional limit of the instrument because the plunger end is 
flush with the footplate at this level and hence no longer indents the 
sclera. 

The Wolfe is designed to permit measurement of the intraocular 
pressure with the patient either seated or reclining. As the weight of the 
instrument is not available for exerting pressure against the eye when 
the instrument is horizontal, a mechanism is provided whereby an 
increased spring tension partially compensates for the gravity effect 
present when the instrument is vertical. 

Unlike the case of the Schiotz instrument in which the plunger 
load assumes essentially a constant value irrespective of the indicator 
position, the plunger load of the Wolfe and Bailliart instruments varies 
as a function of the scale reading. The Bailliart dial has been provided 
with three check points which may be used to test periodically the pre- 
cision of the plunger spring tension. A knurled nut within the instru- 
ment stem permits alteration of the spring tension should this be re- 
quired. 

Although the Wolfe Model ““B" is provided with a mechanism for 
spring tension adjustment similar to that found in the Bailliart, no 
scale check points are provided. In the Wolfe Model “‘C’’ no provision 
for adjustment of spring tension is found. Figure 12 shows the adjust- 
able spring mechanisms of the Bailliart and the Wolfe Model B instru- 
ments. Table I (Part III) illustrates several differences between the 
Wolfe and Bailliart instruments. 

PRECISION OF STANDARDIZATION OF WOLFE TONOMETER 

It is advantageous for tonometers to be standardized so that the 
reading taken upon an eye with one instrument will be similar to the 
reading taken upon the same eye with a different instrument of the 
same type. Kronfeld has demonstrated that one satisfactory mode of 


600 


me 

= 
ie 

1 

= 
4 


TONOMETRY—CARTER 
TABLE I 
Bailliart Wolfe “B” Wolfe 

Calibration Check Points Yes No No 
Nonadjustable Hair Spring in Head No Yes Yes 
Adjustable Compression Spring in Shaft Yes Yes No 
Scleral Tension Scale Yes Yes* Yes* 
Corneal Tension Scale Yes No No 


*Identical to the corneal scale of the Bailliart instrument 


tonometer standardization consists of establishing fixed values for 
each of the essential variables of a tonometric instrument.™* An instru- 
ment will give readings consistent with other tonometric instruments 
of like type if and only if the measured physical characteristics are 
identical. 

As only one Wolfe “‘B’’ was at hand for study and as variations 
between the ‘‘B’’ and ‘‘C”’ instruments were apparent, it was felt that 
there would be little to gain by reporting the physical characteristics 
of the solitary ‘““B’’ model. 

The physical characteristics of three Wolfe ‘‘C’’ instruments, all 
in apparently good condition, were measured. All of these instruments 
had been in active use in the Indiana University Optometry Clinic. 
None had been submitted by the manufacturer as a standard instrument. 

Table II (Part III) shows the measured values for each of the 
three Wolfe instruments under test. Manufacturer's specifications were 
included when available. 

COMPARISON OF THREE WOLFE INSTRUMENTS BY 
MEANS OF A TAMBOUR 
A tambour has at times been used for the purpose of comparing 


Fig. 12. The plunger and adjustable spring assembly from the Bailliart Tonometer 
(left) and the Wolfe Model B (right). 
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readings obtained under identical physical conditions by several different 
tonometric devices. An identity of readings on the tambour does 
not insure that such identity will prevail if the tonometers are compared 
upon living human eyes of fixed tension. However, as human eyes 
with fixed tension are not readily available and as the use of the tambour 
yields results more satisfactory than those which would be obtained 
using normal living human eyes, such approach was felt to be expedient. 


TABLE Il 
Physical Characteristics? —- Wolfe ‘‘C’’ Tonometer 
Characteristic Mode of Measurement: Finding: 
1. Overall Weight Measured with a triple beam Wolfe #1 53.15 gm 
(Handle Included) balance with a sensitivity of #2 52.91 gm 
0.01 gram #3: 52.81 gm 
Standard** : 42.5 gm. 
2. Instrument weight less Plunger removed from in- Wolfe #1: 64.5 gm. 
plunger weight plus strument. Instrument sup- #2: 63.1 gm. 
spring tension when ported by means of a labora- #3: 62.4 gm. 
handle is depressed to tory jack attached to its 
red line handle. Instrument lowered, 


foot first, onto the pan of a 
triple beam balance. Height 
of laboratory jack and posi- 
tion of balance weights al- 
tered until end pointer of 
balance read zero at the same 
time that the instrument 
handle was depressed to the 
red line on the sleeve. 


3. Instrument weight less Measuremgnt made as in 2 Wolfe #1: 70.7.) gm. 


plunger weight plus above except that the black #2: 698 gm. 
spring tension when rather than the red sleeve in- #3: 70.6 gm. 
handle is depressed to dication was utilized. 
black line 
4. Available spring ten- Item #3 above less item #2 Wolfe #1 6.2 gm 
sion to compensate for above #2 6.7 gm. 
effective loss of in #3: 8.2 gm. 
strument weight when 
instrument is used 
with patient in a sit- 
ting position 
5. Plunger weight Plunger removed from to- Wolfe #1: 1.90 gm. 
nometer. Weighed on triple #2: 1.87 gm. 
beam balance with a sensitiv- #3: 1.89 gm. 


ity of 0.01 gm. 
6. Plunger Load 
By ‘‘plunger load’’ is meant the spring tension acting against the plunger at a 
given indicator position. Naturally, the plunger load increases as the plunger is 
pushed into the instrument stem. A small wooden block with a minute nail through 
its center projecting upward was placed upon the tray of the gravity balance and 
weighed. This weight was recorded and subtracted from each gross weight yielding 


(Continued on next page) 
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The bulb of a sphygnomanometer was connected by pressure tubing 
to a chamber whose head was covered by a thin plastic membrane and 
to a pressure gauge reading in pounds per square inch. The reading of 
the pressure gauge does not necessarily hold any absolute relationship 
to the tonometric scale reading but merely indicates a pressure ‘‘level”’ 
at which the different tonometric devices are being compared. 

The tonometer under test was raised and lowered upon the drum 


TABLE Il 
(Continued from page 602) 

the net values tabulated below. The tonometer was carefully adjusted so as to 
read 70 mm. Hg. when placed upon its own test block. The complete tonometer 
was supported by a laboratory jack with a clamp attached to its handle. The 
tonometer was lowered carefully so that its plunger rested upon the head of the 
nail. The height of the laboratory jack was altered as were the positions of the 
balance weights until the balance indicator rested at the “‘zero’’ point at the 
same time that the tonometer indicator rested at the value under consideration. 
These measurements were very difficult to make because of instrumental friction 
and in many cases a method of limits had to be used to determine the point of 
balance. Readings were made in multiple and averaged. 


Plunger Load Plunger Load Plunger Load Plunger Load 


Tonometer Tonometer Tonometer “Standard 
Indicator Value #1 #2 #3 Instrument 
(mm. Hg.) (grams) (grams) (grams) (grams) 
12.8 12.0 12.9 
15 15.6 14.7 16.0 
30 17.9 17.0 19.4 
60 19.8 19.0 22.1 
70 21.8 19.4 22.7 12.5 
7. Diameter of Footplate — Diameter of Plunger 


Measurements were made to an accuracy of 0.1 mm. by means of a vernier caliper 
Data for the “standard” instrument was obtained by converting the manufacturer's 
specifications from inch measure to metric. 


Footplate Diameter Plunger Diameter 
( millimeters) ( millimeters) 
Wolfe #1: 9.8 3.2 
Wolfe #2: 9.8 3.2 
Wolfe #3: 9.9 3 
Standard : 10.109 to 10.160 3.175 + 0.0254 
8. Radius of Curvature of Footplate Radius of Curvature of Plunger End 
Measurements were made to an accyracy of ') mm. using a series of templates 
graduated in ') mm. steps. 
Radius—Footplate Radius—Plunger 
Wolfe #1: 15 15 
Wolfe #2: 15 15 
Wolfe #3: 15 15 
Standard 15 


*All measurements made at a temperature of 27° C. 
**It has been assumed that the manufacturer's specification for ‘‘overall weight’ 
includes the weight of the instrument handle. If it does not, the magnitude of 
the discrepancy between specified weight and measured weight may be consider 
ably reduced. The writer was unable to remove the instrument handle from 
the sleeve and hence the handle weight is not known. 
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by means of a laboratory jack. Such an approach eliminated the diffi- 
culty associated with repeated placement of a hand-held instrument upon 
a fixed area of the tambour. 

Table III (Part Ill) shows the reading obtained at each pressure 
level with each of the three Model ‘‘C’’ instruments. Measurements 
were made with a tambour inflation of one, two, three, four, and six 
pounds per square inch. Each reading was made in triplicate and aver- 
aged. Only the mean reading at each pressure level for each instrument 
is indicated in the table. The plastic drum was changed between the 
four and the six pound levels because of damage. 


TABLE Ill 
Tambour Inflation Tonometer #1 Tonometer #2 Tonometer #3 
(mm. Hg.) (mm. Hg.) (mm. Hg.) 
1 Ib 11.7 11.7 10.2 
2 Ib 21.8 19.3 19.7 
3 Ib 31.8 31.2 31.5 
4 Ib 37.9 37.8 38.6 
6 Ib 44.7 46.3 47.3 


This table would seem to demonstrate that the three Wolfe instru- 
ments under test yield readings which are in reasonable agreement when 
applied in succession to a tambour maintained at a fixed level of pres- 
sure. This would appear to be true throughout the entire range of 
pressures tested. 

MANOMETRIC INVESTIGATION OF WOLFE CALIBRATION CURVE 

Closed stopcock calibration studies*® of a tonometric device are 
not entirely satisfactory because of the excessively great scatter obtained 
when tonometric readings are plotted against manometric readings. 
The scatter is related to variations in the degree of ocular rigidity of 
the eyes under test. That closed stopcock data are not well adapted to 
curve fitting by means of any direct approach is to be regretted in view 
of the fact that the closed stopcock situation more closely parallels the 
clinical condition than does the open stopcock situation. 

Open stopcock data,“4 on the other hand, are extremely useful in 
that scatter is mitigated as the result of the exclusion of rigidity effects. 
Open and closed stopcock curves have been assumed to be identical in 
contour but a vertical translation of the open stopcock curve upon it’s 
axes must be accomplished before it becomes representative of the clini- 
cal situation. * 


*Identity of contour between the open and closed stockcock curves was assumed by 
Schiotz in his calibration studies. Such an assumption leads to only very slight 
inaccuracy in the interpretation of clinical data. Im more recent calibration studies 
Friedenwald modified his curve by the utilization of a factor which takes into con 
sideration the ‘‘normal’’ coefficient of ocular rigidity and the volume of fluid displaced 
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A burette was employed as a reservoir and attached by means of 
pressure tubing to a manometer and to a twenty gauge needle inserted 
into the anterior chamber of a pig's eye at the limbus. The system was 
filled with physiological saline and air was excluded. By operation of a 
sphygmomanometer bulb and burette valve the manometric pressure 
could be brought to any desired level. A Wolfe tonometer was attached 
by means of a clamp to a lab jack and was lowered onto the bulbar 
conjunctiva of the pig's eye so that the edge of the tonometer foot fell 
0.5 to 1.0 mm. from the limbus. No eye was used in which the scleral 
radius exceeded 14 mm. as measured by means of a template. An area 
of sclera was utilized that was judged by inspection to be quite regular 
Insertions of the extraocular muscles were carefully avoided. Figure 
2 in part I of this report is a simplified schematic diagram demonstrating 
the principle of manometric tonometer calibration. In scleral tonometry. 
the internal scleral surface at the site of tonometer application will cor 
respond to the zero point on the manometric scale. 

If the calibration curve of the Wolfe instrument is accurate, a 
linear relationship should be found between the tonometric pressure in 
millimeters of mercury (Wolfe) and the manometric pressure in centi 
meters of water under open stopcock conditions. * 


by the tonometer plunger. The latter value is. of course. a function of the indicator 
position. 


*This is only approximately true. In his calibration studies. Schiotz translated his 
open stopcock curve in the vertical direction so as to center it upon a scatter diagram 
representing the closed stopcock data. In doing this, he observed a moderate deviation 
of extreme portions of the curve when the middlemost portion was well centered 
This failure of the curve to coincide precisely over its entire extent gave rise to the 
popular conviction that only scale readings between three and 10 on the Schiotz 
tonometer are of clinical utility. As the effect of ocular rigidity is related to the volume 
of displaced fluid, it must vary with the depth of plunger. hence with the tonometer 
scale reading. 

A calibration curve for use with an eye of average ocular rigidity is therefore 
obtained more precisely by the formula: 


t 
Log — = K V, 

where: 

P, is the pressure in the eye during tonometry and is the pressure indicated 
by open stopcock studies. 

P,, is the pressure which we wish to determine in the clinical situation. It 
is the pressure which existed in the eye prior to tonometer application 

K is the average normal coefficient of ocular rigidity 

V,, is the volume of fluid displaced by the tonometer. It is estimated from 
the indicator position and corrected to an average normal curvature of 
the posterior corneal surface. 

As the calibration curve of the Wolfe instrument was obviously taken from the 
Bailliart. an instrument developed long before ocular rigidity could be explained in 
mathematical terms. no attempt was made to correct the present open stopcock data 
in terms of the rigidity formula. 
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MANOMETER cms. seoline 
Fig. 13 The Wolfe scale reading (mm. Hg.) plotted against the manometric reading 
(cm. saline). Data was obtained using pig eyes and an open stopcock technique. 

Figure |} is a scatterplot in which the tonometer reading (Wolfe, 
mm. Hg.) is plotted against the manometric determination of the 
actual internal pressure of the eye under open stopcock conditions. 
SUMMARY AND CONCLUSION 

An attempt was made to evaluate the Wolfe tonometer with 
regard to theoretical considerations relating to its use. Recent clinical 
studies dealing with the accuracy and applicability of the Wolfe instru- 
ment have been cited but further clinical investigation of this instrument 
is beyond the scope of the present paper. 

Certain peculiarities of the Wolfe calibration scale have been 
pointed out and the more important physical characteristics of the instru- 
ment have been described 

Brief mention has been made of the problem of instrument 
standardization and findings relative to three available Model C instru- 
ments have been reported. 

An attempt was made to evaluate the accuracy of the contour 
of the Wolfe calibration curve by a method which consisted of plotting 
the Wolfe scale reading against the manometric finding obtained using 
pig eyes and an open stopcock technique. 

The writer wishes to suggest the possibility that the bimodality 
characteristic of the frequency distribution curve of the Wolfe clinical 
data as reported by several authorities is related to a peculiarity, not of 
scleral tonometry, but rather of the Wolfe instrument. A study is 
presently being conducted in which tonometric data is being obtained 
by the use of an instrument which has both a low critical pressure and 
linear characteristics. 
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THE ROLE OF BASIC SCIENCE WITH THE RESEARCHER 
AND CLINICIAN 

One conclusion presented by Young* in his paper in the present 
issue is worthy of close scrutiny. It illustrates an interesting difference 
in the approach of the optometric clinician and the psychologist inter- 
ested in the construction of tests. Young's data demonstrate the well 
known high positive correlation between the acuity of one eye and that 
of its fellow. Since this high degree of relationship exists, Young con- 


cludes that ‘*. . . it would not be necessary to take more than one measure 
of visual acuity on one eye at distance to achieve a satisfactory survey 
description of distance acuity."’ This statement is one which, in so far 


as we can see, is completely valid and warranted by the data. What 
then would be the result of attempting to apply this conclusion to opto- 
metric survey technique? 


*Young. Francis A., Interrelations of Visual Measures. Am. J. Optom. and Arch 
Amer. Acad. Optom. Present issue 
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EDITORIAL 


Let us consider three possible survey situations to which this con- 
clusion might be applied. First, suppose that it were desirable to learn 
the percentage of persons in a large population who had acuity of 
20/25 or better in each eye. If we were to follow Young's suggested 
procedure and measure the acuity of one eye only, we should arrive at 
a figure which would not differ materially from that which would be 
obtained if we were to measure the acuity of each eye. In this situation, 
the time necessary to arrive at the datum we desire would be cut in 
half with little loss of information. Young's suggestion would be most 
advantageous. 

For a second example, let us assume that we wish to survey a 
group of applicants who wish to drive a motor vehicle and we wish no 
one with an acuity of less than 20/40 be granted a license. Since there 
is a high correlation between acuity of the two eyes, we shall measure 
the acuity of only the right eye. Clearly, all those whom we pass do 
in fact have the qualifications we desire. Furthermore. since there is a 
high correlation, the majority of those who fail the test for their right 
eye would also fail it for the left. So far we have obtained the same 
results by testing one eye as we would had we tested two eyes, and our 
conclusion is still justified. However, what about those few who fail 
the test for the right eye but who could pass it with the left eye? The 
correlation being high, we can predict that the number of such persons 
will be small indeed, but they will be nonetheless most disturbed 

Obviously, something went wrong here. When we moved from 
the plane of generalization down to the individual problem, we found 
that we had not studied the experimenter’s ( Young's) statement care 
fully. The error was not that of the experimenter but of the interpre 
tation of his conclusion. The results of this high correlation could 
have been used in this situation but in a slightly different manner. If 
we wanted most (but did not insist on all) drivers to have an acuity 
of 20/40 in each eye, then measuring one eye only would do the trick 

The standards in this new situation would be these: 

(a) All those with 20/40 in each eye should pass. 

(b) All those with less than 20/40 in each eye should fail. 

(c) Those with less than 20/40 in either eye should be 
apprehended if we can. 

If the time required to administer the test is of sufficient impor 
tance to allow some latitude in the “if we can” aspect, then we may 
cut our time almost in half by measuring the acuity of the right eye 
of all applicants and of the left eye only for those who fail the right 
eye test. 
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EDITORIAL 


As a third example, let us assume that we were to apply this prin- 
ciple to a school vision survey. If we assume that a child needs 20/40 
vision (or any other level of acuity) in order to see the blackboard, 
then the conditions are the same as those in the second example. If, 
furthermore, we follow the revised procedure, we shall find all of those 
children who cannot see the blackboard. Yet, optometric clinicians will 
feel that something is wrong here. 

More important than acuity, they will assert, is the difference in 
acuity. The child with different refraction states in the two eyes, or 
different acuities, may well develop the undesirable habit of suppres- 
sion, or amblyopia. More preventive work can be done for such a 
youngster than for the one who has equally poor acuity in both eyes. 
Young's suggestion, then, has no value whatever in this third set of 
circumstances. Again, the reason is not that there is any error in the 
basic research data, but an error in our attempt to apply it to a situation 
in which it did not apply. Young states that this method will yield 
a ‘satisfactory survey description of distance acuity.’"” However, in 
school vision surveys we are interested in “a description of distance 
acuity, but we are also interested, and to an even greater extent, in a 
further datum, namely, ‘difference in acuity."’ The basic data showed 
nothing about this condition other than the known fact that it is 
uncommon 

We have. therefore, a basic research report designed to help in the 
problem of construction of tests, an important phase of experimental 
psychology. When we attempt to integrate the findings into three 
optometric clinical situations, we find that they are applicable in one 
situation, require modification in a second, and miss completely in a 
third. What does this demonstrate? The naive person will conclude 
immediately that this shows that “theory” and “practice” are incom 
patible. This artificial dichotomy between ‘‘theoretical’’ and “‘practi- 
cal’ which has served as a mask for ignorance since the birth of science 
is in no way demonstrated by these findings. Rather, the present discus- 
sion does demonstrate that the reader of scientific research results must 
understand enough about basic science to be able to integrate the find- 
ings of research into practical applications. These figures do demon- 
Strate the justification for a strong basic science program (including 
statistical procedures and scientific methods) as part of the optometric 
scholastic curriculum 

Ideally, the scientific investigator and the clinician would be one 
and the same person. This, however, is often not the case. Since it 
is not, then the next best situation would be one in which the researcher 
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BOOK NOTICE 


had a good grasp of practical applications of his work so that he could 
explain its shortcomings as well as its importance; the clinician, how 
ever, also must have a sufficient knowledge of basic sciences in his field 
to enable him to assess the possible applications of research results. In 
optometry, where the research worker is often not a clinician, the 
responsibility of integrating research results into practice must rest with 
the clinician. He can only fulfill this responsibility if he is familiar 
with more than his everyday ‘‘practical’’ pursuits. 

MONROE J. HIRSCH 


BOOK NOTICE 


SYSTEM OF OPHTHALMOLOGY, VOL. I. THE EYE IN 
EVOLUTION. Sir W. Stewart Duke-Elder, M.D., London. Pub 
lished by C. V. Mosby Co., St. Louis, 843 pages with 902 illustrations, 
15 colored plates, and 350 marginal illustrations. $27.50. 1958 


The author states that “the reception accorded my textbook of 
ophthalmology has persuaded me that there is need for its continua 
tion in a second edition.” He points out further that the first four 
editions have long been out of date due to new developments of drugs 
and elaborate new methods of investigation. The author feels that due 
to the rapid acquisition of knowledge a new edition should be published 
every fifteen or twenty years. He therefore intends to share the task 
of rewriting the original works with some of his colleagues at the 
Institute of Ophthalmology in London. He intends that fifteen volumes 
should be written, all a part of the “System of Ophthalmology.” 

Volume I is divided into four major divisions namely, Part |, 
The Effect of Light on Living Organisms, Part Il, The Evolution of 
the Visual Apparatus, Part III, The Function of the Eyes of Animals. 
and finally Part [V, Evolutionary Bi-Ways. Part I is subdivided into 
five chapters, i.e., Introduction, The Effect of Light on Metabolism 
The Effect of Light on Movement, The Effect of Light on Pigmenta 
tion, and The Emergence of Vision. Part II is subdivided into eleven 
chapters, namely, The Morphology of Invertebrate Eyes, The Systematic 
Anatomy of Invertebrate Eyes, The Eyes of Proto-chordates, The Evolu 
tion of the Vertebrate Eye, The Eyes of Cyclostomes, The Eyes of 
Fishes, The Eyes of Amphibians, The Eyes of Reptiles. The Eyes 
of Birds, The Eyes of Mammals, and The Central Organization of 
Vision. Part III is divided into two chapters namely, The Vision of 
Invertebrates, and The Vision of Vertebrates. Part IV is divided into 
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four chapters, i.e., Median Eyes, Rudimentary Eyes, Luminous Organs. 
Organs. 

American optometrists will be interested to learn that at the 
beginning of Chapter XIII, The Eyes of Reptiles, a portrait of Dr. 
Gordon L. Walls, a faculty member of the School of Optometry, Uni- 
versity of California, appears; with it a tribute which states in part. 
“The portrait of Gordon Walls could suitably serve as an introduc- 
tion to many chapters in this book for he has done much to correlate 
and rationalize our ideas on the structure and function of the eyes of 
Vertebrates.” 

This reviewer is impressed by the scores of photographs in the 
text and where minute detail was impossible with photographs, the 
vast number of detailed drawings which accompany the manuscript. 

Clinically this book offers basic knowledge of great significance to 
the practicing optometrist. It certainly gives him a valuable review as 
well as new material to enrich his background in the development of 
the eye. In this day when much stress is placed on developmental vision 
in some quarters, it would seem that this type of reading should place 
our thinking on an even keel in regard to certain anatomical facts of 
life 

Most certainly, to all of us in the optometric profession—the 
clinical practitioner, the educator, and the researcher, this volume will 
be a fine addition to his personal library. 

JOHN W. HIER, O.D. 


903 MARQUETTE AVENUI 
MINNEAPOLIS, MINNESOTA 


AN OPTOMETRIC BUDGET PLAN* 


Paul G. Slaton? 
Hopkins, Minnesota 


Optometrists, in common with other professional men, often 
experience difficulties in persuading patients to take care of their bills 
when due. The doctor often is the last one to be paid out of a limited 
patient budget. The optometrist’s economic position is more serious 
than that of the physician or dentist since his laboratory bill constitutes 
a much larger portion of his gross income. ; 


*Submitted on July 6. 1959, for publication in the November. 1959. issue of the 
AMERICAN JOURNAL OF OPTOMETRY AND ARCHIVES OF AMERICAN ACADEMY 
OF OPTOMETRY 

FOptometrist. Fellow. American Academy of Optometry. 
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Many ways have been devised to cope with this situation. Whereas 
some practitioners adhere to the method of merely sending out a monthly 
statement (which, month after month. is frequently ignored), many 
types of budget plans have been suggested and tried. The simplest one 
uses a payment card which is given to the patient to bring in on specified 
dates. In spite of the legal language often contained in these cards, 
the basic concept is the same as that of the monthly statement. Another 
method is the “Quast Third Party Plan.’ In this plan, the patient 
receives a passbook from a third party but is told to make the pay- 
ments to his doctor “for convenience’s sake.’ The Atlanta Plan as 
well as one reported in the AMERICAN JOURNAL OF OPTOMETRY in 
April, 1958, fall into this category.* Unfortunately. the patient is 
not always impressed by this device and payments lag. 

The true third party plan is relatively new. Such a method was 
reported in the September, 1958, issue of the MINNESOTA OPTOMETRIST. 
While completely relieving the optometrist of his bookkeeping prob- 
lems. it did not always solve his financial ones since, in all but a few 
cases, the money was not advanced to him, but was remitted (minus 
costs) after the patient had finished paying. 

Early in 1958 the Optical Manufacturers Association gave much 
thought to this problem. Their representatives met with the Upper 
Midwest Council of Better Vision, a group of optical laboratory execu 
tives, to discuss the financing of a credit organization to serve the 
ophthalmic field. The Upper Midwest was planned to serve as a pilot 
area. Finding that the Charge Account Bankers Association (CABA) 
had successfully operated a retail credit plan in select areas of the coun 
try, the Optical Manufacturers Association decided to back this new 
program and attempted to have optometry included. A large mailin 
to explain the CABA plan followed and recipients were advised to 
contact their local bankers to determine optometric inclusion. Mosi 
bankers are conservative im outlook and at first did not feel that small 
account financing would be profitable. One notable exception was the 
Northwestern State Bank of St. Paul, Minnesota, which for several 
years has been operating a charge plan, incorporating local merchants 
and professional men including some optometrists. During 1959, the 
Upper Midwest Council sponsored a series of meetings between the 
Northwestern State Bank and Twin City optometrists which resulted 
in the bank’s agreement to accept as members optometrists outside its 
normal banking area. 


*Olson, M. S. and Wick. R. E. <redit control in a professional practice. Am. J 
Optom. & Arch. Am. Acad. Optom. 35. 4. 206-220. 1958 
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OPTOMETRIC BUDGET PLAN-—-SLATON 


Whether this acted as a stimulus or whether it was a coincidence, 
within a few weeks the two largest Minnesota bankst announced that 
they too were about to start consumer charge plans. A great deal of 
bank promotion followed and today these plans are in operation. Many 
thousands of consumer charge cards were mailed out, as were invita- 
tions to fill out and return application blanks for charge accounts. The 
majority of optometrists have signed to have their patients use one or 
both plans. The cost to the optometrist is an initial fee of $25.00, 
payable only once, plus $1.00 per month for rental of the necessary 
charge stamping machine. 

Directories of members using the service were published and, in 
common with the other professions, optometry asked to be listed as a 
group rather than individually. 

In substance the plan works as follows: A patient wishing to 
charge his fee and the cost of materials is asked for his charge card 
Should he not have one, he is asked to make out an application or, 
if immediate action is required, the bank can be called for approval 
All charges above $25.00 must be approved by the bank by telephone 
to avoid over extension of patient credit. A form is then filled out, 
stating the nature of the transaction, i.e., visual care, or professional 
services and materials. This slip together with the charge card is inserted 
into the stamping machine. One copy is then given to the patient as a 
receipt, one is retained, and third copy is deposited in the bank along 
with checks and cash. The optometrist gets his money at once with 
out recourse. 

The patient receives a bill for all of his charges at the end of 
the month directly from the bank. There is no fee to the patient for 
this charge service. If desired, the patient may pay on a six month 
deferred basis for a very small fee. The net cost to the optometrist for 
this charge service is 3 per cent. Considering the savings on bookkeep 
ing and the immediate availability of the money without recourse, 
the cost is modest. While the plan is as yet new, and has not as yet 
been fully accepted by the public, the next six months should prove 
the wisdom of those who sponsored and put this plan into effect. In 
fact it now appears that this plan should be adopted in all parts of 
the country. 


905 PROFESSIONAL BUILDING 
HOPKINS, MINNESOTA 


*+Northwestern National Bank of Minneapolis and the First National Bank of Min 
neapolis 
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TRANSACTIONS OF THE 
AMERICAN ACADEMY OF OPTOMETRY 


A department devoted to announcements, reports, appointments, organization data, 
news, professional problems and ideals, as these relate to the Academy. 


PROGRAM 
AMERICAN ACADEMY OF OPTOMETRY 
Drake Hotel 
Chicago, 
Post-Graduate Courses, December 9, 10 and 11, 1959. 
Annual Meeting of the Academy, December 12, 13, 14 and 15, 1959. 


WEDNESDAY, THURSDAY and FRIDAY, December 9, 10 and 11, 1959 


8:00 A.M. to 10:00 P.M. American Academy of Optometry Post-Graduate 
Courses.* Apply at Registration Desk for tickets and program. These 
courses are open to any optometrist. 


10:00 A.M. to 9:00 P.M. American Academy of Optometry, Executive Council 
meetings. See Hotel Bulletin Board for room number. All Academy 
members welcome to attend sessions. 


FRIDAY, December 11, 1959. 
9:30 A.M. to 4:00 P.M. American Academy of Optometry, Committee on 
Admittance. Applicants meet with Committee on Admittance to complete 
their Clinical Examinations. See Bulletin Board for room number 


GENERAL PROGRAM OF THE ACADEMY 
Donald A. Springer, O.D., General Chairman, Anniston, Alabama 


SATURDAY, DECEMBER 12, 1959 
8:30 Registration. 


10:00 Business Meeting. 


President's Annual Report. Lawrence Fitch, O.D 

Secretary's Annual Report. Carel C. Koch, O.D 

Announcements by Chairman of the Papers and Program Committee 
Donald A. Springer, O.D 

Announcements by Chairman of the Sections, Under the Direction of 
John Zettel, O.D. 

Arthur Shlaifer, O.D., Ph.D. Section on Pathology 

Robert Graham, O.D. Section on Contact Lens and Sub-Normal Vision 

Benton C. Freeman, O.D. Section on Aniseikonia and Refractive Problems 

Max Shapero, O.D. Section on Orthoptics 

Henry B. Peters, O.D. Section on Occupational Optometry 


10:40 Refractive Findings of 500 Consecutive Male Juvenile Delin 
quents. William G. Walton, Jr., O.D., Pennsylvania State 
College of Optometry, Philadelphia, Pennsylvania. 


*For a detailed review of these 64 courses see following: Vincent J. Ellerbrock et al.. 
Post-Graduate Courses of the American Academy of Optometry. Am. J. Op:om. & 
Arch. Am. Acad. Optom., 36. 8, 439-448, 1959 
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TRANSACTIONS OF THE ACADEMY 


Discussion. 


Normal and Dichromatic Luminosities by the Critical Fre- 
quency Method. Gordon G. Heath, O.D., M.S. Division of 
Optometry. Indiana University, Bloomington, Indiana. 
Discussion 


A Feasibility Study of Ultrasonic Tonometry. R. A. Koetting, 
O.D., Roberts Instrument Co., Inc., Moberly, Missouri, and 
R. C. Mueller, O.D., B.S., Roberts Instrument Co., Inc., Mo- 
berly, Missouri 


Discussion. 


The Reliability of Instruments Used to Measure the Curva- 
tures of Contact Lenses. Bradford W. Wild, Ph.D., School of 
Optometry. The Ohio State University, Columbus, Ohio. 


Discussion 
Luncheon Recess 


Foveal Fixation—Disparity Measurements and Their Use in 
Determining the Relationship Between Accommodative Con- 
vergence and Accommodation. Frederick W. Hebbard, O.D., 
Ph.D., School of Optometry, The Ohio State University, 
Columbus, Ohio 


Discussion 


Myopia Control with Bifocals. Robert B. Mandell, O.D., 
M.S., Bloomington, Indiana 


Discussion 


The Foveal Light Reflex and Its Use as an Objective Test for 
Astigmatism. Paul R. Kent, Optometrist, CDR. (MSC) USN, 
U.S. Naval Hospital, Great Lakes, I] linois. 


Discussion 
The Pupilens. Bernard Mazow, B.S., O.D., Houston, Texas. 
Discussion 


The Characteristics of Amblyopia ex Anopsia, A Review of 
the Literature. Max Schapero, O.D., Los Angeles College of 
Optometry, Los Angeles, California. 


Discussion 
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TRANSACTIONS OF THE ACADEMY 


Corneal Contours as Measured with a Photo-Keratoscope 
Henry Knoll, Ph.D., Bausch & Lomb Optical Company 
Rochester, New York. 


Discussion. 


Report on a Four Year Study of Freshman Vision Screening 
at Columbia University. Melvin Schrier, M.S., M.A. (ED). 
O.D., New York, New York. 


Discussion. 


A Realistic Fee Schedule for Modern Ophthalmic Dispensing 
Margaret Dowaliby, O.D., Associate Professor, Los Angeles 
College of Optometry, Los Angeles, California. 


Discussion. 


Two Stereoscopic Measures of Cyclorotation of the Eyes 
George S. Harker, Ph.D., U. S. Army Medical Research Labora 
tory, Fort Knox, Kentucky. 

Discussion. 


SUNDAY, DECEMBER 13, 1959 


Sections Meetings 


A Recording Infra Red Optometer. Merrill J. Allen, O.D 
Ph.D., Acting Director, Division of Optometry, Indiana Umi 
versity, Bloomington, Indiana. 


Discussion. 


The Effect of Fixation Conditions on Depth-Discrimination 
Thresholds at Scotopic and Photopic Illuminance Levels 
Alfred Lit, Ph.D., Bendix Systems Division, Ann Arbor. 
Michigan. 


Discussion. 


A Study of Visual Performance. R. L. Vasa, O.D., CDR 
(MSC), U. S. Naval Medical School, National Naval Medical 
Center, Bethesda, Maryland. 


Discussion. 
Luncheon recess. 


Contact Lens Symposium. Robert Graham, O.D., Moderator, 
Pasadena, California. 
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TRANSACTIONS OF THE ACADEMY 


Contact Lens Symptoms—Their Significance and Correction. 
William Policoff, O.D., Wilkes-Barre, Pennsylvania. 


Recent Developments in Bifocal Contact Lenses. George Jes- 
sen, O.D., Chicago, Illinois. 


A New Photographic Technique in Contact Lens Practice. 
William Feinbloom, O.D., Ph.D., New York, New York. 


The 1959 Meeting of the International Contact Lens Society. 
Frank Dickinson, F.B.O.A. (Hons.), F.O.A., D.O.S., Hon- 
orable Secretary, St. Annes-on-Sea, Lancashire, England. 


An Overview of Contemporary Contact Lens Fitting. John C. 
Neill, O.D., Philadelphia, Pennsylvania. 


Discussion 
Dinner recess. 


Magnification Considerations in Ophthalmic Lenses. H. G. 
Frenald, B.Sc., American Optical Company, Southbridge, 
Massachusetts, and Arline W. Rayner, B.Sc., American Optical 
Company, Southbridge, Massachusetts. 


Discussion. 


Increasing Reading Rates. James P. Leeds, O.D., Indianapolis, 
Indiana 


Dis-:ussion. 


A Review and Analysis of Harmon's Study of 160,000 School 
Children. Monroe J. Hirsch, O.D., Ph.D., School of Optome- 
try, University of California, Berkeley and Ojai, California. 


Discussion. 


MONDAY, DECEMBER 14, 1959 
Section Meetings. 


Dynamics of Accommodation Responses of the Human Eye. 
Gerald Westheimer, O.D., Ph.D., School of Optometry, Ohio 
State University, Columbus, Ohio, and Fergus W. Campbell. 
M.D., Ph.D., O.0.M.S., Cambridge University. 


Discussion. 


The Influence of Orthoptics on the Accommodative Conver- 
gence Relationship. Merton C. Flom, O.D., Ph.D., School of 
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TRANSACTIONS OF THE ACADEMY 


Optometry, University of California, Berkeley, California. 
Discussion. 
Luncheon recess. 


Clinical Use of the Keratometer in Evaluating the Corneal 
Contour. Theodore Grosvenor, O.D., Ph.D., School of Op- 
tometry, University of Houston, Houston, Texas. 


Discussion. 


New Aids for the Partially Blind. William Feinbloom, Ph.D., 
Consultant, Aid to Blind, Optometric Center of New York, 
New York, N. Y. 


Discussion. 


Periscopic Systems for Forward Vision Out of Tanks and 
Airplanes and Rear Vision from Automobiles. W. Lewis 
Hyde, Ph.D., American Optical Company, Southbridge, Mas- 
sachusetts. 


Discussion. 


Optometric Experiences in South Africa. Frank Dickinson, 
F.B.0.A. (Hons.), F.O.A., D.O.S., St. Annes-on-Sea, Lan 
cashire, England. 


Discussion. 


A Dual-Pulse, High-Speed, Infra Red Optometer. Niles Roth, 
O.D., School of Optometry, University of California, Berkeley, 
California, and Elwin Marg, Ph.D., School of Optometry, 
University of California, Berkeley, California. 


Discussion. 
Business meeting. Lawrence Fitch, O.D., Presiding. 
Cocktail hour. 


Annual Round Table Dinner. 

Introduction of New Fellows by Harold Simmerman, O.D. 

Optometric State of the Nation. P. N. DeVere, O.D., Presidenr, 
American Optometric Association, Morgantown, North 
Carolina. 
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TRANSACTIONS OF THE ACADEMY 


TUESDAY, DECEMBER 15, 1959 
Section Meetings 


Relationship of Refractive Error to Bookishness and Andro- 
gyny. Meredith W. Morgan. Ph.D., Prof. of Optics and 
Optometry, University of California. Berkeley, California. 


Discussion 


The Children’s Perceptual Achievement Forms: A_ Three 
Year Study. Helen M. Robinson, et. al., A.B.. A.M., Ph.D. 


Associate professor, University of Chicago, Chicago. Illinois 
Discussion 
Luncheon recess. 


Lighting and Efficient Seeing. Sylvester K. Guth, E.E., D.O.S.. 
Radiant Energy Effects Laboratory, Lamp Division. General 
Electric Co., Cleveland, Ohio. 


Discussion 


A Discussion of the Corneal Curvatures Found in the Higher 
Degrees of Hyperopia and Myopia. R. J. Wixson, O.D., Sham 
okin. Pennsylvania 


Discussion 


The Optometrist and Public Health. G. F. Kintiner. O.D.., 
D.O.S.. U.S.P.H.A.. A.P.H.A.. Lynden, Washington 


Discussion 


Changes in Phorias with Magnitudes and Time After Disso 
ciation. C. B. Pratt. Ph.D.. O.D., College of Optometry. 
Pacific University, Forest Grove, Oregon. 


Discussion 
Ihe Clinical ACA Ratios. Leo Manas, O.D., Chicago, Illinois. 
Discussion. 


Adjournment 
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TRANSACTIONS OF THE ACADEMY 


SECTION ON OCCUPATIONAL OPTOMETRY 
Henry B. Peters, O.D., M.A., Chairman, Oakland, California 


Sunday, December 13, 1959. 9:00 A. M. to 11:00 A. M. 
GENERAL TOPIC: PROTECTION OF THE EYES FROM RADIANT ENERGY 
Modern industrial technology makes extensive and intensive use of radiant energy 
Some applications represent a hazard to vision. This session will review our knowledge 
of its effects on the human eye and the need for and available means of protection 
1) ULTRA VIOLET RADIATION 
Richard Feinberg, Ph.D., Petersburg, Virginia 
2) HIGH INTENSITY VISIBLE LIGHT 
Sylvester Guth, Ph.D., Cleveland, Ohio. 
3) INFRA RED RADIATION 
Henry B. Peters, M.A.. O.D., Oakland, California 
4) X-RAY. GAMMA RAY. MICROWAVE RADIATION 
Herman Sager, O.D., Lake Success, New York 


Monday, December 14, 1959. 9:00 A. M. to 11:00 A. M. 


GENERAL TOPIC: PUBLIC HEALTH OPTOMETRY 

A round table discussion of the subject of public health programs. its organiza 

tion and methods, and 

1) its pertinence to optometric education and planning 

2) the need for creating courses of instruction in Public Health Optometry in 
our optometry schools, 

3) consideration of the reorganization of the Section on Occupational Optometry 
to include this material and retitling it as the Section on Public Health 
Optometry. 

The following have been invited to participate: 

Drs. Shlaifer, Wick, Koeting, Rosenbloom and each optometry school ha: 
been asked to send a representative 


Tuesday, December 15, 1959. 9:00 A. M. to 11:00 A.M 
GENERAL TOPIC: VISION SCREENING OF SCHOOL CHILDREN 


New techniques and the utilization of optometrists in vision screening of school 
children requires a review of this subject 
1) THE INFLUENCE OF THE ORINDA VISION STUDY ON VISION 
SCREENING IN CALIFORNIA 
Henry B. Peters, M.A., O.D., Oakland. California 


2) Drs. Vernon Ryan, Charles Stewart, Lois Bing and Hollis Leaveritt have 
been invited to participate. 


SECTION ON PATHOLOGY 
Arthur Shlaifer, O.D., Ph.D., Chairman, Philadelphia, Pennsylvania 
Sunday, December 13, 1959. 9:00 A.M. to 11:00 A. M. 


9:00 A.M “Vision-Optometric Symposium, Number | Discussion by co-editors 
Ralph E. Wick, O.D., Rapid City, South Dakota and Monroe J 
Hirsch, O.D., Ph.D., Ojai, California 

10:00 A.M. A Review of Fundus Changes with Age. Ralph E. Wick. O.D., Repid 
City. South Dakota. 


Monday, December 14, 1959. 9:00 A.M. to 11:00 A. M. 


9:00 A.M A Review of Recent Glaucoma Literature. Arthur Shlaifer. O.D., Ph.D 
Philadelphia, Pennsylvania. 
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TRANSACTIONS OF THE ACADEMY 


00 A.M. A New Electronic Tonometer. Meredith W. Morgan, O.D., Ph.D., 
Berkeley, California 


Tuesday, December 15, 1959. 9:00 A.M. to 11:00 A. M. 


00 A.M. Urgencies and Emergencies in Ocular Pathology. Harold Simmerman 
O.D., Wenonah, New Jersey 
00 A.M An Illustrated Review of Ocular Pathology. Alfred L. Aron 


CTION ON REFRACTIVE PROBLEMS AND ANISEIKONIA 
Benton Freeman, O.D., Chairman, Allentown, Pennsylvania 
Sunday, December 13, 1959. 9:00 A. M. to 11:00 A. M. 


00 A.M. Recent Developments in Refractive Techniques and Instrumentation 
Robert E. Bannon, Buffalo, New York 

00 AM Relative Subjects to Aniseikonia. William P. Schumann, O.D., Vine 
land, New Jersey 


Monday. December 14, 1959. 9:00 A.M. to 11:00 A. M. 


00 AM The Control of Illumination in the Refracting Room. Harold M 
Fisher, O.D New York City 
00 A.M Aniseikonia. Leo M. Madigan, O.D., Boston, Massachusetts 


Tuesday, December 15, 1959. 9:00 A. M. to 11:00 A. M. 


00 A.M The Relations Between the Iseikonic Effects on Front Toric and Back 
Toric Design. Robert J. Davis, B.A., Southbridge, Massachusetts 

00 A.M. Open Discussion—-Case Reports on Aniseikonia and Difficult Refrac 
tive Problems. Discussion Leader, Benton C. Freeman, O.D., Allen 
town, Pennsylvania 


SECTION ON CONTACT LENSES AND SUB-NORMAL 
VISION AIDS 
Robert C. Graham, O.D., Chairman, Pasadena, California. 


Sunday, December 13, 1959. 9:00 A. M. to 11:00 A. M. 


00 A.M. Contact Lens Problems Due to Methacryltate. Daniel O. Elliott 
Ir., O.D., South Bend, Indiana 

00 A.M. New Developments in Contact Lens Design. William Feinbloom, O.D.., 
Ph.D.. New York City 

30 A.M. New Developments in Sub-Normal Vision Aids. William Feinbloom, 
O.D., Ph.D., New York City 


Monday, December 14, 1959. 9:00 A.M. to 11:00 A. M. 


00 A.M. Supplementary Work and Report on Telecon. Irving P. Filderman 
O.D., Memphis, Tennessee 

20 A.M. Work with the Department of the Blind. John R. Kennedy, O.D 
St. Paul, Minnesota 

00 A.M Ihe Pupilens. Bernard Mazow. O.D., Houston, Texas 


Tuesday, December 15, 1959. 9:00 A. M. to 11:00 A. M. 


00 A.M What is an “On K” lens? Harold I. Moss. O.D., Wilmington, Delaware 
00 A.M. Hypnosis and Contact Lenses. I. Irving Vics. O.D.. Albany, New York 


‘The Program for the Section on Orthoptics will be distributed at 


the registration desk during the convention. 


Convention Registration will start at 8:30 A.M. on Saturday, 


December 12, 1959. 
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The unaided astigmatic patient 
usually sees a distorted image. 
When correcting the astigmatism 
» with spectacles, it is often difficult 
and sometimes impossible to eliminate 


the distortion because of the distance between 
the spectacle lens and the cornea. 


Astigmatism 


But contact lenses, due to their location, lessen 
meridional magnifications and thereby relieve 
image distortions. Also, by making 
the front surface of the precorneal fluid spherical, 
the astigmatism is corrected. The patient will be 
able to view objects with maximum clarity 
and minimal distortion. 


To the center 
of your contact 
lens problem 


the Plastic 
Contact Lens 
Company 
Dedicated to Knowledge and Research toensored by the 
EYE RESEARCH FOUNDATION 
5 South Wabash Ave. * Chicago 3, Illinois 
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Most of the patients we fit with Therminon 


Lenses are pleased with them. We use them 
mostly with bifocals, especially on incipient 


cataract cases. 


One ina series of professional evaluations of Therminon Lenses. 
Name and address on request. 
THERMINON LENS CORPORATION ¢ 63RD AT UNIVERSITY ¢ DES MOINES, IOWA 
WATCHEMOKET 
optical accessories 
ENCYCLOPEDIA OF 
CONTACT LENS PRACTICE 
A Loose Leaf Encyclopedia with 
Bi-Monthly Supplements 
= Editor: Phillip R. Haynes, 
PAD COVERS f Business Manager: Bernard E. 
\ Vodnoy, OD., FAAO. 
\ EDITORIAL STAFF. Norman, Bier. Lon: 
land; Phillip R. Haynes; Allan Isen; Robert 
Max “Schapero: Charles Stewart and 
7 Bernard E. Vodnoy. 
For U.S.A., Its Possessions, Can- 
ada and Mexico 
Made of skin-soft plastic, these pad Syllabus-Manual of the En- 
> covers slip easily over nose pad of _cyclopedia (100 Pages) $ 5.00 
glasses . . . eliminate painful pres- Six Bi-Monthly Supple- 
$ sure on the nose . . . eliminate tell- ments @ 2.75 each 16.50 
: tale nose marks left by eye glass If Paid In Advance, Total 
pads .. are non-toxic to the skin. Cost for the First Year 19.50 
#1368 Super Jumbo size Send Inquiries and subscriptions 
a #136A Jumbo size to Encyclopedia of Contact Lens 
AVE Practice, 
eye 801 No. Michigan 
WATCHEMOKET OPTICAL CO., INC. South Bend 1, Indiana 
232 West Exchange Street * Providence 3, R. 1. 
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Continental’s Great Combination Frame 
for Men — Now in Lurium 


Modish, lightweight Lurium top arms and skull tern- 
ples combine with the stout 1/10 12K gold-filled 
chassis to bring new lift and polish to the clean-cut 
good looks of Mansfram, Continental’s combination 


frame success. 


Colors, gray and brown. Detachable type crystal 
pads. Clear crystal temple tips. Eye sizes, 44-46-48. 
Bridge sizes, 18 to 26. 


MEMBER OF UPPER MINNESOTA OPTICAL CO. 


MIDWEST COUNCIL FOR 
Exclusive Supplier for the Profession 


BETTER VISION 
621 West Lake St., Minneapolis 8, Minn. 
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SATISFYING 
RX 
SERVICE 


is the infusion of many important elements 
The use only of recognized quality products The maintenance of a rigid inspection system 
Modern equipment and precision machinery in the processing of your prescriptions 


Highly skilled and experienced workmanship _A personal friendly Rx service adapted to 
Sales policies constructive for the Profession your Optometric needs 


TWIN CITY OPTICAL COMPANY 


MINNEAPOLIS MINNESOTA WILLMAR 
49 Years of Quality First 


PRE-PUBLICATION ANNOUNCEMENT 


THE FIRST IN A SERIES OF POST GRADUATE HOME STUDY COURSES 
TO BE PUBLISHED BY THE AMERICAN ACADEMY OF OPTOMETRY. 


Synopsis of Glaucoma for Optometrists 
Arthur Shiaifer, Ph.D., Penn. State College of Optometry 


This book is especially written to cover all aspects of glaucoma screening from the 
standpoint of the optometrist. The author is a specialist in his field and covers the eti- 
ology, clinical signs, symptoms and screening tests used to facilitate proper referral. 


“ Synopsis of Glaucoma for Optometrists will be available Jan. 1, 1960; 8% x 11” size; 
highly illustrated; board cover; offset printing; $5.00. 


SEND FOR YOUR COPY NOW. 
CHECK SHOULD ACCOMPANY ORDER. 


BURGESS PUBLISHING COMPANY 


426 SOUTH SIXTH STREET ° MINNEAPOLIS 15, MINN. 
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COMPLETE OPHTHALMIC 


to the PROFESSION 
Puttisiin GRINDING 


Cuddly NATERIALS 


CONVENIENTLY LOCATED 
St. Paul, Minn. + Austin, Minn. « Bemidji, Minn. 
Watertown, S.D. Grand Forks, N. D. 


THE WALMAN OPTICAL COMPANY 

229 Medical Arts Building Minneapolis 2, Minnesota 
FOUNDED IN NINETEEN HUNDRED FIFTEEN 


An 
ACADEMY MEMBERSHIP 
PIN 
1CK Gold 


The Emblem of the 
Academy 


in a round, gold and blue 
enamel pin, 13 mm. in diame- 
ter, with safety catch. 


Mailed Post-Paid 


$3.50 


to members only 
Send orders to 
AMERICAN ACADEMY 
of 
OPTOMETRY 


1506-1508 Foshay Tower 
Minneapolis 2, Minnesota 


BURTON Presents... 


Clinically Proved 

3 MINUTE 

| Field Screening Test for 
| Glaucoma and other 

| Visual Field Defects... 


U.S. Patent 
NO. 2635162 


Authentic... 


Harrington -Flocks 
CONTROLLED Multiple 
Pattern Visual Screener 
and Tangent Screen... 


You owe this simple and fast test to every 
patient! Utilizes safe, controlled ultra violet 
black light which provides a scientifically con- 
trolled stimulus to the retina. Procedure has 
been tested and clinically proved in medical 
clinics for over 5 years. It is unfair to doctor 
and patient to use methods not clinically 
proved. Ask your dealer for a demonstration. 


Medel Ne 8-100 


PRICE *149.50 f.0.b. Factory 


CFlearstand Model Me 8-101, Price $191.50 FOB Factory) 


FREE! VALUABLE REPRINTS 


(1) “The Multiple Pattern Visual Field Screener — an 
Evaluation” by Lt. G.F. Hilton, M.S.C.; (2) “Glaucoma 
Detection in industry — Multiple Field Pattern Test’’ by 
H.$. Kuhn, M.D. (Industrial Medicine & Surgery); (3) 
Abstractions from 5 year evaluation by Drs. Harrington 
and Flocks. Ask your dealer or write us. 


BURTON M-D-L DIVISION 


OF BURTON MANUFACTURING COMPANY 
2554 Colorado Ave. @ Santa Monica, Calif. 


SINCE NY 1915 
MODEL 
NO. 8-100 
| | 


NOW! A NEW “MUST” FOR YOUR LIBRARY 
The A.O.A. offers .. . 


Pre-School 
VISION ... 


Prepared by R. J. Apell, O.D., and R. 
W. Lowry, Jr., O.D., under auspices of 
Gesell Institute of Child Development. 
Hard bound 189-page book written from 
developmental viewpoint. Diagnostic 
procedures, techniques and observations 
in six basic parts in progressive age 
sequence, beautifully illustrated hand- 
somely printed. Published by A.O.A. 


Sorry! No Copies sent on approval. PRICE: $7.50 


Ss. YOUR CHECK OR MONEY ORDER TO AMERICAN OPTOMETRIC 
ead ASSOCIATION, 4030 CHOUTEAU AVE., ST. LOUIS 10, MISSOURI 


BIND °EM... 
and you'll 
find them! 


Keep your copies of the AMERICAN JOURNAL OF OPTOMETRY 


AND ARCHIVES OF AMERICAN ACADEMY OF OPTOMETRY 
always available for quick, easy reference in attractive book form. 


January through December, 666 pages, (12 issues) bound in the best grade buckram, 
imprinted with your name on cover for $4.15. Annual index at back. 


Ship your 1958 Journals to us by parcel post. We will return your bound volume 
within 30 days. 


Full remittance must accompany order. 


PUBLISHERS’ AUTHORIZED BINDERY SERVICE 
5811 West Division St. Chicago 51, Illinois 
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‘Pearl Net’ for beauty— UNIVIS | 


It’s “Pearl Net” for the woman who wants top appearance. 
In every detail, this new zyl combination Top Lady, reflects 
the dignity, charm and confidence of its wearer. 
Richly colorful two-tone brows and new temples 
in matching Pearl Net overlays. Gently rounded 
end piece flows into temple. Style Flow design. 


the UNIVIS lens company 
dayton 1, ohio 


Note pear! 
net overlay, 
wrap-around 
end pieces 
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We 

took back 
every pair 
and replaced 


free. 


4. Segment and transition 
size deviation less than 
0125mm, with no chro- 
matic aberration—color- 


2. Front surface 
quality and 
spherical accu- 


racy to millionths 
of an inch. 


3. Soft transition, 
greater comfort and 
less ‘bifocal shock’ 
than a fused segment 
line. 


1. 22mm usable segment with power 
deviation less than .05 diopters (4 
Newton rings) — 40% more precise 
than industry standards. 


them with the new 


YOUNGER-22 SEAMLESS LENS! 


This was the case last October when we offered 
to exchange all laboratory stocks of Younger 
Seamless Lenses manufactured prior to October, 
1958. 

A major breakthrough in quality and precision, 
achieved after twelve years of constant and 
continuous development, research and engineer- 
ing, has permitted the manufacture of a vastly 
improved, seamless dual-field lens with a full 
22mm usable segment with less than .05 diopter 
power deviation; a front surface accuracy to 
millionths of an inch and a segment-size devia- 
tion of less than .0125mm! 


Because of the unsurpassed quality of the new 
Younger-22 Seamless Lens, the decision was 


Write on your letterhead for a sample 

of the vastly improved Younger-22 Seamless 
Lens. There is no charge, but please give 

us the name of your independent supplier. 


INTERESTED IN A SIMPLE, DIRECT PRESENTATION OF THIS UNUSUAL LENS TO YOUR PATIENTS? WRITE FOR THE STORY! 


made to replace all existing Younger stocks. 
We are grateful to the thousands of professional 
men who have continued to prescribe the very 
acceptable Younger Seamless Lens during the 
period of its development; they know today how 
much better the new lens is! 

If you haven’t prescribed a Younger Lens since 
this past October, you are missing one of the 
most significant advances in lens manufacture 
of the past decade. 

Remember: you do not take the slightest risk 
when you do so, for if the patient cannot wear 
Youngers for any reason, your independent sup- 
plier will replace it with a fused bifocal of your 
choice at no additional cost. 


YOUNGER 


1829 SOUTH MAIN STREET 
LOS ANGELES 15, CALIF. 
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